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CLEAVAGE OF FUSION PROTEINS USING GRANZYME 
B PROTEASE 



Field of the invention 

The present Invention relates to a method for the preparation of a polypeptide 
of Interest in authentic iorm by enzymatic cleavage of recombinantly produced 
fusion proteins by the use of Granzyme B protease. Furthenmore, the invention 
pertains to fusion proteins comprising a Granzyme B cleavage site. 

Background of the invention and prior art 

The production and purification of recombinant polypeptides such as 
phannaceutlcal proteins in a highly purified and well-characterized form, has 
become a major task within the area of protein engineering in general, and In 
the pharmaceutical industry In particular. 

The preparation of such recombinant polypeptides relies frequently on 
techniques which Involve the production of the polypeptides as fusion proteins 
or hybrid proteins, wherein a protein or polypeptide of interest Is fused to a 
canier or a fusion partner such as a polypeptide or protein. 

The presence of a fusion partner or carrier which is fused to the polypeptide of 
interest has the advantages that it may render the fusion protein more resistant 
to proteolytic degradation, may facilitate enhanced expression and secretion, 
improve solubility and allow for subsequent affinity purification of the fusion 
protein. Also by fusion protein expression, potentially bio-hazardous materials, 
such as peptide homnones, may be produced in an inactive fonm which can 
then be activated subsequently in vitro by cleaving of the fusion partner. 

However, such fusion proteins themselves are not normally suitable as end 
products as the fusion partner e.g. may affect the biological activity or stability 
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Of the polypeptide of Interest and. If the protein is to be used cHnlcally. may 
cause antigenicity problems. Therefore rt Is necessary 1» cleave the fusion 
protein to release the polypeptide of Interest 

In principle this can be achieved by chemical or biochemical methods such as 
enzymatic cleavage. However, it is important that the cleavage is highly 
specific and only takes place In a cleavage sequence between the protein of 
Interest and the fusion partner, f.e. the juncBon region, but preferably not within 
the protein of interest Hseif . as this may e.g. severeiy affect the bioaclivlty of 
the proton of mteiBst Such methods emptoy agents that ad by hydrolysis of 
peptide bonds and the specificity of the cleavage agent is detonmined by the 
identity of the amino add iBSldue at or near the peptide bond which is cleaved. 

Biochemical methods tbr cleavage of fusion proteins are based on the use of 
proteases (proteolytic enzymes). However, enzymatic cleavage effusion 
proteins is Hmlted in that the amino acid(s) which are specific for the cleavage 
site can at the same time also occur In the protein of Interest itself. Therefore, 
enzymes are parUcularty suitable which, In order to cleave, not only recognises 
one amino acid but rather a sequence of amino acids, since the probabUity that 
a particular amino acid sequence Is present once again In the protein of 
Interest m addition to the cleavage site between the protein of interest and the 
fusion partner is less the larger the number of amino acids necessary fbr the 
recognifion and deavage of the des^age sequence. 

Up tlU now, a number of proteases have been used for enzymatic deavage of 
fusion proteins by contacting the fusion prot^ with a protease under 
appropriate conditions. 

WO 03/010204 relates to a process for separating a protein of interest from a 
fusion protein by the use of ubiquitln cleavage enzyme, which according to this 
document is an enzyme that cleaves a peptide bond next to the amino acid 
sequence RGG at the C-temilnus of proteins such as ubiquitln. 
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US 6,010.883 disclose a method wherein Wood clothing factor Xa (EC 
3.4.21,6; a SI serine-type peptidase fonned from the proen^e factor X by 
limited proteolysis) is used for cleaving off a fusion partner from a fusion 
protein. This protease specifically cleaves after the amino add sequence X-Y- 
Gly-Arg, wherein X is lie. Leu. Pro or Ala, and Y is Glu, Asp. Gin or Asn. Factor 
Xa preferably cuts after the cleavage sequence lle-Glu-Gly-Aig. 

Other prior art enzymes which have been suggested and used in methods for 
8p«:ifio cleavage of fusion proteins include tobacco ehdi vinis NIa proteinase, 
cotlagenase, enterokinase. subBlidn and thrombin. 

However, several problems may be encountered v»hen using proteolytic 
cleavage in fusion protein systems. One major problem is the occurrence of 
non-spedfic proteolytic attack of the ftjslon protein which results In cleavage at 
several locattons and consequently product loss and generation of 
contaminating fragments. Also problems with Inefficient or incomplete cleavage 
of the fusion protein frequentty occur with the presently known enzymes. Such 
inefftelent cleavage reduces the yieW and may also Introduce heterogeneity to 
the purified protein resulting In the recovery of only a small fraction of the 
desired protein. 

A further problem «iat Is associated w»h several of the presently apiriled 
enzymes for ffuston protein deavage is that spurious or extraneous amino adds 
are frequently attached to the cleaved polypeptWe product (the polypeptide of 
Interest). These amino adds are Really present when a linker is cleaved, and 
the unrelated amino add resMues may have an effect on the properties of the 
resulting protein of Interest. This may be critical for proteins produced for 
human therapeutics. Therefore, It Is highly desirable to be able to produce pure 
authentic pol^eptides free of extraneous amino acid short sequences or 
residues. 

The problem is Illustrated in US 4.543.329 which describes a process for 
selecbvely cleaving a fusion protein by the use of oollagenase. However, the 
use of this enzyme produces a protein of interest with the sequence GlyPro at 
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. its N-termlnal. In order to obtain the protein of Interest In authentic fonn. these 
extraneous amino acids (Gly and Pro) must subsequently be renioved in a 
further reaction step by the use of one or more different amino peptidases 
(such as aminoacylprollne amino peptidase and proline amino peptidase). 

The problem is also illustrated In US 5,427.927 which describe a process for 
sequence specific cleavage of fusion proteins by the use of IgA protease, 
wherein a IgA protease recognition site is inserted in the funcHon re^n of a 
fusion protein which is subsequently cleaved with IgA protease. The 
recognition site for the IgA protease Is the amino add sequence Y-Pro.l JC-Pro, 
In which X can be any amino add, Y can be one or several arbitrary amino 
adds, and I denotes the cleavage site. However, the proteins of Interest which 
are formed after cleavage by IgA protease, are characterised by having an X- 
Pro extraneous amino sequence at Its N-temnlnal. I.e. the resulting protein of 
Interest is not In its native or authentic fonn. 

Presently, the most widely used proteolytic enzymes for fusion protein 
cleavage are the serine proteases factor Xa and thrombin. However, both 
enzymes are known to perfomi non-specific cleavage effusion proteins. In 
addition, factor Xa has to be Isolated from bo\^ne serum and as a 
consequence when It is used to cleave proteins Ibr therapeutic applications an 
extensive puiificatfon and analysis Is necessary aflenwards In order to detect 
psAhogenic fectors such as viruses and prions which may be present (e.g. 
prions causing bovine spong^nn encephalopathy). Furtherniore. ttiese 
en^mes are rather expensive. 

In view of these prior art shortcomings and drawbacks, it is therefore an object 
of the present invention to provide an Improved mefliod for enzymatic deavage 
of fiiston protdns. 

It has been ibund by the present Inventors, that the above technical problems 
may be overcome by using Granzyme B protease (EC 3.4.21 .79) for enzymatic 
deavage of fuston proteins. Thus, It has surprisingly been found ttiat 
Granzyme B protease allows for highly effident deavage of fusion proteins 
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having a Granzyme B protease cleavage site with a high degree of cleavage 
• specificity. In particular Granzyme B protease has proven to perfonn more 
specific fusion protein cleavage than the presently and widely used protease 
factor Xa. It has furthermore been found that Granzyme B cleavage of fusion 
proteins that contain a Granzyme B recognltton sequence posWoned between 
an N-terminal fusion partner and a C-temilnal polypeptide of interest results in 
a polypeptide of Interest that have no extraneous amino acids derived ftom the 
cleavage site, l.e. a polypeptide m authentic form. Thus, recombinant proteins 
of Interest with nativo amino add sequence may be produced as a result of 
fusion protein cleavage by Granzyme B. Rnally. the Granzyme B protease has 
me advantage that It can be produced racomblnantly. 



Summary of the invention 

Acconlingly. the present Invention relates In a first aspect to a method for the 
preparation of a polypeptide of Interest In authentic form. The method 
comprises the steps of (I) providing a fusion protein having a polypeptide of 
Interest which is fused to a fusion partner, where the juncUon region between 
the polypeptide of interest and the fusion partner comprises a Granzyme B 
protease recognition site having a Granzyme B protease cleavage site 
adjacent to the protein of interest, and (ii) contacting the fusion protein with 
Granzyme B protease (EC 3.4.21 .79) to cleave It at the cleavage sits to yield 
the protein of Interest In authentic fbrm. 

In a further aspect there Is provided a fusion protein comprising a polypeptide 
of Irderest and a fijsfon partner, wherein the Junction region between the 
polypeptide of interest and the fusion partner comprises a Granzyme B 
protease recognltton site having a Granzyme B protease cleavage site 
adjacent to the protein of interest. 

In still further aspects there is provided an Isolated nucleic add sequence 
encoding such a fusion protein, a recombinant vector comprising the is(^led 
nucleic add sequence, a host cell transfonned with such a vector, and a 
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method for the production of the fUslon protein which comprises the steps of (I) 
providing such a recombinant vector which Is operaHvely linked to a promoter. 
(11) transfomiing a host cell with the recombinant vector, (ill) culturing the host 
cell under conditions to express the fusion protein, and (Iv) optionally isolating 
the fusion protein. 

Detailed disclosure of the Invention 

In one aspect the present Invention relates to a method for preparing a 
polypeptide of interest In authentic torn by enzymaUc cteavage of fUslon 
proteins. Acconllngly. the method comprises, as Is mentioned above, the steps 
of providing a fusion protein comprising a polypeptide of interest and a fusion 
partner wherein the junction region between the polypepUde of interesl and the 
fusion partner comprises a Granzyme B protease recognition site vyrtilch has a 
Granzyme B protease cleavage site adjacent to the polypeptide of interest. The 
fusion protein Is subsequently contacted with Granzyme B protease to cleave 
the fusion protein al the Granzyme B protease cleavage site to yield the 
polypeptide of interest in auUientic form. 

In accordance with the present invention there is provided a method for 
producing polypeptides of interest in authentic fonn. As used herein, the temn 
"authentic form" refers to a polypeptide which comprises the amino acid 
sequence thereof without any additional ammo acid residues. As described 
above, a major problem associated with several of the presently applied 
enzymes ttor fusion protein cleavage Is that spurious or extraneous amino adds 
frequently remains attached to the cleaved polypeptide product. I.e. resulting In 
a polypeptide which is not In an "authentic fbnn". Thus. In the present context 
the polypeptide of interest In authentic fonn refers to a polypeptJdo having the 
same primary amino add sequence as that encoded by the native gene 
sequence coding fbr the polypeptide of interest. I.e. it does not contain any 
non-native amino adds. It will be appreciated that a polypeptide of Interest in 
authentic form not necessarily is a polypeptide that occurs in nature, but it may 
also be partially or completely artlfldal. In contrast, a "non-authentic" 
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polypeptide contains at least one amino acid which is not encoded for by the 
native gene sequence coding for the polypeptide of interest 

In accordance with the invention, the juncUon region between the polypeptide 
of Interest and the fusion partner comprises a Granzyme B protease 
recognition site virtilch has a Granzyme B protease cleavage site. Such a 
recognition site refers to a defined amino acid sequence that allows Granzyme 
B to recognize and to cleave the junction region between the protein of Interest 
and the fusion partner. This junctton regton may be of any suitable length. 
Thus, it Is contemplated that the JuncUon region may in useful embodiments be 
In the form of a linker sequence. Hovuever, in order to obtain the protein of 
Interest in authentic fonn, it Is prefened that the Granzyme B cleavage stte is 
positioned adiacent to the protein of Interest In order to allow for specific 
cleavage of the fusion protein vwlthout resuMng In spurious or extraneous 
amino adds remaining attached to the resulting protein of interest Hence, the 
term •a<«acent to" imply that the Granzyme B recognition sequence, which in 
some embodiments may be preceded by a linker sequence, is positioned such 
that the Granzyme B cleavage site is flanking the N-tenninal of the polypeptide 
of interest 

Granzymes are granule-stored serine proteases that are ImpHcated in T oeU 
and natural Wller cell-mediated cytotoxic defence reactions after target cell 
reoognitton. The principal lunctkMi of granzymes Is to Induce the death of viws- 
Infected and other potentially hanmful cete. Granzyme B Is one type of 
granzymes. and upon target cell contact ft is directtonally exocytosed and 
entera target cells assisted by perforin (a cytolyfic protein e}qpressed by 
cytotoxfoT cells and natural killer cells). Granzyme B processes and activates 
various pro-caspases, thereby inducing apoptosis in the terget cell. In 
accordance with the invention, the tenn "Granzyme B protease" includes 
enzymes which are classified underlie Enzyme Commission number EC 
3.4.21 .79 in Enzyme nomenclature database, release 30. March 2003 
{http://www.expasy.org/enzyme). Thus, in accordance vwth the Inventton any 
suitable Granzyme B protease may be used including human Granzyme B 
protease, rrwuse Granzyme B protease and rat Granzyme B protease. It Is 
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generaOy preferred to use human Granzyme B, when the method in 
accoKlance with Invention is used for the preparation of human therapeutic 
protein products. Human Granzyme B protease occurs in most human tissues 
where Its biological function Is fairly well known. Therefore, the presence of 
trace amounts of residual Granzyme B protease in the final therapeutic protein 
product exhibit a minimal risi^ for the patient to whom the therapeutic protein 
product is administered. Thus. It Is known that If active Granzyme B protease Is 
injected Into the human blood stream it Is swIfUy trapped by alpha-2- 
macroglobulfri and the complex Is cleared via the LRP scavenging receptor. 
Granzyme B protease is also known under the attemaUve name "Cytotoxic t- 
lymphocyte proteinase T. 

Granzyme B protease Is known to have a preference for cleaving after 
aspartate residues (D), and Granzyme B is the only mammalian serine 
protease known to have this P1-proteolytlc specificity. Hence, It Is 
contemplated that the Granzyme B cleavage site in useful embodiments at 
least comprises an aspartate residue at the P1 position located N-termlnally to 
the cleavage site. Some of the presently known Granzyme B protease 
recognWon sites are disclosed In Harris et al (1998). Thus, In useful 
embodiments, the recognition site has an amino acid sequence of the general 
fbnnula: P4 P3 P2 P1 i located N-tennlnally to deavage site, wherein P4 
preferably Is amino ackJ I or V, P3 preferably Is amino acW E. Q or M. P2 Is X. 
where X denotes any amino add, P1 preferably Is amino acid D, and i Is the 
cleavage site for the Granzyme B protease. 

It was fbund by the present Inventors, that Granzyme 6 protease Is capable of 
deavlng off polypeptides from a fuston protein, wfthoul leaving any non^iatlve 
amino adds on the polypeptide. In partfcular It was surprisingly found that 
Granzyme B would recognise and deave off polypeptWes from a fusion protein 
after the PI position without any strict requirements for spedflc amino acid 
residues at the P1'-P4' positions. I.e. the amino add poslUons following the 
deavage site. This is contrary to the findings In the prior art In e.g. Sun et al. 
(2001) It Is conduded that the P1'-P4' residues of Granzyme B substrates are 



8 



2»/'04 200a WED 14:27 FAX +48 8820 3232 Boraanpliama 



iaoil/082 



Important for substrate tjlndlng. and that highest affinity for the substrate Is 
observed when an acidic P4' residue Is present (l.e. either aspartate or 
glutamic acid). Furthermore. Harris ©t al. (1998) concluded that Granzyme B 
has a strong preference for glycine residue at the P2' position. Despite these 
prior art findings, It has now been established that Granzyme B protease may 
be generally used for cleaving off polypeptides of Interest from fusion proteins, 
without the need for specific amino acid residues at the P1 -P4* positions. 

As mentioned above, a further particular advantage of the present invention Is 
the finding that Granzyme B protease aHows for highly efficient cleavage of 
fusion prot^s having a Granzyme B protease cleavage site with a high 
degree of deavage specifldty. In particular It has been found that Graruyme B 
protease perfomi more specific flislon protein cleavage than the presently and 
wid^ used protease for fusion protein cleavage, nam^ factor Xa. Thus, as 
will be apparent irom the below examples, it was found that when five different 
lUsion proteins previously made as factor Xa cleavable fusion proteins, were 
deaved by Granzyme B protease, it resulted in a cleavage performance that 
was as specific as or even more specific than that found with factor Xa. This 
may e.g. be seen from Example 5 and the accompanying Figure 9 illustrating 
an extended time course PAGE analysis of the digestion of the fusion proteins 
H6-FX-RAP and H6-GrB-RAP with factor Xa and Granzyme B, respectively. It 
Is cleariy seen from this experiment that there was an essentially complete 
cleavage after 30 min. of the fusion proteins virtth both proteases. However, 
more tHeafcdown products were produced by the use effector Xa as compared 
to Granzyme B. This dearty shows that Granzyme B Is highly specific, and 
even more specific than the Widely used protease factor Xa. 

Although not necessary, it may in certain embodiments be advantageous to 
select the polypeptide of interest such that the polypeptide of Interest, when It 
Is a part of ttie fusion protein, N-termlnally comprises the amino acids P1' and 
P2' resulting in the general Granzyme B recognition site fonnula P4 P3 P2 

wherein PI' is X. where X denotes any amino, and l=>2* Is G. 
Although Granzyme B protease has no strict amino add selectivity for the P1' 
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poslUon, there is a general preference for large hydrophobic amino adds at tWs 
position including Trp (T), Leu (L). Phe (F) and lie (I). Thus. In one useful 
embodiment the amino add at position PI' is selected from T. L. F and I. It 
may in a further aspect of the Invention be advantageous that the polypeptide 
of Interest is selected such that it. when being part of the fusion protein, N- 
tennlnaUy comprises an acidic amino add at the P4' position, such as D or E. 

m the present context the terms "amino add" and "amino add residues" refer 
to all naturally occurring L-alpha-amino adds. This definition is meant to 
indude norieudne. ornithine, and homocysteine. The amino adds are identified 
by either the three-letter or single-letter designations: 

Asp. D: aspartte add lle.l: isoleudne 

Thr. T: threonine Leu, L: leudne 

Ser, S: serine Tyr, Y: tyrosine 

Glu. E: glutamic add Phe, F; phenylalanine 

Pro, P: proline His, H: histidine 

Gly, G: glycine Lys, K: lysine 

Ala, A: alanine Arg. R: arglnine 

Cys. C: cysteine TnP. W: tryptophan 

Val,V; valine Gin, Q: glutamine 

Met, M: methionine Asn. N: aspatagine 

Nle. J; norieudne Om, O: omItMne 

Hey. U: homocysteine Xxx, X: any L-alpha-amino add. 

In further usefiii embodiments, the Qranzyme B protease recognition site has 
an amino add sequence which Is selected from ICPD4.. lEADi. lEPDi, lETDi. 
IQADi. ISAD4. ISSD4.. ITPDi. VAPDi. VATDi. VCTDi. VDPDA, VDSDi. 
VEK04.. VEQDi, VGPD4, VRPDi. VTPDi, VEEDi, LEIDi. LGNDi, LGPDi, 
AQPD4. DEVDi, v^re 4 Is the cleavage site for Granzyme B. These 
recognition and deavage sites have previously been described by Casdola- 
Rosen et al. (1099). 
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As used herein, theteim -polypeptide- should not necessarily Indicate a limit 
on the size of the desired peptide polymer. Thus, this term Is to be Interpreted 
in its broadest sense, and hence Includes peptides on the order of up to 50 or 
so amino acids, including oligopeptides such as dK trt-. tetra-. penta-, and 
hexa-peptides, polypeptides and proteins. 

in accordance with the invention the terms "polypeptide of interesf or "desired 
polypeptide" refer to the polypeptkte whoso expression is desired within the 
fusion protein. As previously described, in the fusion protein the polypeptide of 
interest vwlll be joined or fused with another protein or protein domain, the 
fusion partner, to allow for e.g. enhanced slabimy of the polypeptide of interest 
and ease of purification of the fiislon protein. In useful embodiments the 
polypeptide of interest Is a protein such as a secreted protein. Secreted 
proteins have various industriall applications, Including as phannaoeutlcals, and 
diagnostics. Most protein dwgs available at present, such as thrombolytic 
agents. Interferons, interieuklns. erythropoietins, colony sUmulatIng factors, and 
various other cytokines, are secreted proteins. In a presently preferred 
embodiment the polypeptide of interest Is a polypeptide homtone such as a 
polypeptide honnone selected from somalotrophln. glucagon. Insulin and 
interferon. 

In a further aspect of the invention the polypeptide of interest is an enzyme, 
such as Granzyme B. Thus, by providing a fusion protein m accordance with 
the InvenUon and selecting Graroqrme B protease as the polypeptide of 
interest, there is provided a self aoBvatlng or autocatalytlc Granzyme B 
protease which offere the possibility of providing inactive pro-Granzyme B 
which subsequently may be activated. In principle, by the addition of a single 
molecule of active Granzyme B protease. Thereby, there Is provided pro- 
Granzyme B which Is not dependent on the addition of e.g. external activator 
biologicals Ibr Its activation. As will be apparent from the following examples, 
the Granzyme B self activation was found to progress quantitatively to 
completion, and self activating samples of Granzyme B protease subjected to 
further Incubation for several days were found to retain stable activity levels 
and produce minimal amounts of autolysis products. This cleariy demonstrates 
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that self activating Granzyme B protease has the advantage of being highly 
staUe to autolysis (cannibalism). 

The fusion partner may. In accordance with the Invention, be of any surtable 
kind provided that it is a peptide, oligopeptide, polypeptide or protein. Including 
a dl-peptlde, a tri-peptide. a tetra-pepBde, penta-peptlde and a hexa-peptide. 
The fusion partner may In certain Instances be a single amino acid, it may be 
selected such that It renders the fusion protein more resistant to proteolytic 
degradation, facilitate enhanced expression and secretion of the fusion protein, 
improve solubility, and allow for subsequent afBnlty purtflcaUon of the fusion 
protein. 

The fusion protein of the present InvenHon may In usehil embodlmente 
comprise a fUsIon partner virtiich Is an afRnity^tag. Such an affinity-tag may e.g. 
be an affinity domain which pennlts the purification of the fusion protein on an 
affinity resin. The affinity-tag may also be a poiyhlstidine-tag Including 
hexahls-tag. a polyarglnlne-tag. a FLAG-tag. a Strep-tag, a c-myctag. a S-tag. 
a calmodulin-binding peptide, a cellulose-binding peptide, a chitin-binding 
domain, a glutathione S-transferase-tag, or a mattose binding protein. 

in general the fusion partner wiH typically be selected on the basis of 
characteristics contributing to ease Isolation, most desirable being those that 
are readily secreted by Uts nitaroorganlams producing the fusion protein. 
PoiyhlsUdine sequences, glutathione S-transferase and maltose binding 
protein, fbr example, are generally prefened as there are readily available 
affinity columns to which they can be bound and eluted from. 

The metiiod accoixling to the InvenHon may in useful embodiments Include an 
Isolation step fbr isolating ttie protein of interest which is fomied by the 
enzymatic cleavage of the fusion protein, which has e.g. been immobilised by 
the us© of the above mentioned affinity-tag systems. This Isolation step can be 
perfomied by any suitable means l<nown in the art for protein isolation, 
including flie use of Ion exchange and fractionation by size, the choice of which 
depending on the <*aracter of the polw»eptide of interest. 
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In accoKlance with the invention the fusion protein is contacted with Granzyme 
B protease to cleave the fusion protein at the Granzyme B protease cleavage 
site to yield the polypeptide of interest in authentic torm. This reaction ntay be 
carried out batchwise using free Granzyme B. or it may be canled out by using 
Granzyme B protease In an immobilised form, e.g. via adsorption, covalenl 
binding, entrapment or membrane confinwnent Suitable canlers for 
immobilised Granzyme B protease Include convenBonal carriers such as 
polyacrylamide, ohitin, dextran. kappa carrageenan, celite and cellulose. 
Immobilisation of enzymes by their oovalent coupling to Insoluble matrices Is 
an extensively used technique. Lysine residues are found to be the most 
generally useful groups for oovalent bonding of enzymes to Insoluble supports 
due to fheir widespread surface exposure and high reactivity. Thus, in useful 
embodiments the Granzyme B protease Is immobilised via a lysine amino acid 
residue. In a further aspect the Granzyme B protease is immobilised via Its C- 
termlnus. e.g. by means of a polyhlstldine^ag, Including a hexa-histidine4ag. 
The leactlon may also be conducted by using a free Granzyme B protease In 
combination with a membrane-type bloreactor, or using a continuous type 
bioreactor together with an Immobilised Granzyme B protease. 

As will be apparent from the following examples, it has surprisingly been found 
that the time required for the cleavage of free fusion proteins (l.e. not 
ImmoblHsed) which comprises a polyhlstidlne fusion partner such as hexarhls. 
may be decreased dramatically if the fUslon protein is contacted with 
Granzyme B protease In the presence of N?* Ions and Nitriiotilacetic Add 
(NTA). It Is contemplated that the main reason for this remarkable increase in 
cleavage speed, is that the Nl** Ions bind the N-temnlnal polyhlstidlne fusion 
partner of the fusion protein and facilitate access for the Granzyme B protease 
to the cleavage site. Additionally it Is also considered that the additton of NTA 
will shield the Nl^* ions In solution In a similar fashion as on a Ni**-NTA 
agarose column, and thereby avoid precipitaUon of the resulUng protein. When 
perfonning such a cleavage process, It is generally preferred that the 
concentration of Ni^* is In the range of 1-20 mM. and the concentration of mA 
Is In the range of 1-20 mM. Furthemnore. the temperature Is preferably in the 
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range of 2tW0^. Including the range of as^'C. In a prefeaed embodiment, 
the temperature Is In the range of 35-40«^. such as about 37-C. In an even 
more preferred embodiment, the temperature Is m the range of 40-45»C, such 
as about 42<*C. 

In acoordanoe with the Invention, there Is also provided a fusion protein 
comprising a polypep«de of Interest and a fusion partner, vrt^eraln the junction 
region between the polypeptide of Interest and the fusion partner comprises a 
Granzyme B protease recognition site having a Granzyme B protease 
cleavage site adjacent to the protein of interest. 

The fusion protein of the present InvenHon may be expressed In any suitable 
standard protein expression system by cutturing a host transfonned With a 
vector encoding the fusion protein under such conditions that the fusion protein 
Is expressed. Preferably, the expression system Is a system from which the 
desired fusion protein may readily be Isolated and refolded In vhro. As a 
general matter, prokaiyottc expression systems are prefened since high yields 
of prcrtein can be obtained and efficient purification and refolding strategies are 
available. However, numerous host cells may be selected as appropriate for 
transfonnatlon and expression of the described fusion protein, Including 
mammalian Insect, fungal and bacterial host cells which are partlcularty 
desirable. Commonly used bacterial strains Include Bacillus and Escherichia. 
Including E, coB. Thus. It Is well within the abilities and discretion of the sklHed 
artisan, without undue experimentation, to choose an appropriate or favourite 
host and expression system. Simllarty. once the primary amino acid sequence 
fbr the fUslon protein of the present Invention Is chosen, one of ordinary sidll In 
the art can easily design appropriate recombinant nucleic acid sequence or 
DNA constructs encoding the fusion proteins of the Invention, taWng Into 
consideration such factors as oodon biases in the chosen host, the need for 
secretion signal sequences In the host, the inboductlon of proteinase cleavage 
sites within the signal sequence, and the like, These recombinant DNA 
constructe may be Inseited fn-frame Into any of a number of expression vectore 
appropriate to the chosen host The choice of an appropriate or favourite 



14 



13 



@017/08Z 

23/04 2003 WED 14:31 FAX +45 8620 8232 Boreanplmrma A/S 



expression vector Is. again, a matter well within the ability and discretion of the 
skilled practWoner. Preferably, the expression vector will Include a strong 
promoter to drive expression of the recombinant constructs. 

Finally, there is provided a method for the production of a fusion protein 
according to Invention which comprises the steps of (i) providing a recombinant 
vector comprising the isolated nucleic acid sequence encoding the fusion 
protein of the invention according which Is cperativeiy Bnlced to a promotor, (B) 
transfomiing a host cell with tWs recombinant vector, (iii) culturing the host cell 
under conditions to express the fUslon protein, and 
(iv) optionally Isolating the fusion protein. 

The im/enlion wIH now be described by way of iHustratlon In the following non- 
llndting examples and figures. 

Description of the figures 

Figure 1 shows the activity of an Incubation of GrB-H6 with FXa followed for 
several days using the following oolorimetric assay: 500 pi buffer (100 mM 
NaCI. 50 mM Tris-HCI pH 8.0). 4 ul 100 mM AclEPID-pNA and 5 pi GrB4^6. A 
mixture of 100 pi GrB-HS (approximately 10 pg) with 1 pl FXa (1 mg/ml) was 
kept at 4-C during the Incubation, and the activity was measured after 0 hours. 
2 hours, 5 hours, 19 hours, 2 days and 5 days. 

Figure 2 shows the SDS PAGE of samples from the HWEPO-TripUB and H6- 

IEPD-TN123 incubations after 12 hours incubatton with GrB-H6. 

Descripfion of the lanes A-J: 

A: l^lecular weight marker 

B: H6-iEPD-TrlpUB atone after 12 hours incubatton 

C: 200 pi H6-iEPD-TripUB + 1 pi GrB-H6 after 12 hours Incubation 

D; 200 pi H6-IEPD-TiipUB + 10 pi QrB-H6 after 12 hours incubation 

E: H6-FX-TrlpUB incubaled with FXa 
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F: H6-IEPD-TN123 atone after 12 hours Incubation 
G: 200 (il H6-IEPD-TN123 + 1 pi GiB-HO after 12 hours incubation 
H: 200 \a H6-IEPD-TN123 + 10 GrB-W6 after 12 hours Incubation 
I: GrB-H6 alone in the same concentration as In lanes D and H 
J: Murine H6-FX-TN123 cleaved with FXa 

Lane B shows non^leaved HB-IEPD-TripUB (1). Where no GiB-HS was added, 
while lanes C and D show the two incubations with 1 and 10 mI QrB-H6 added. 
In both these lanes the product of the cleavage reaction: con-ecOy cleaved H6- i 
lEPD-TripUB (2) Is seen in addition to the non-cieaved fusion protein. In lane E . 
the construct H6-FX-TripUB. containing the FXa recognition site IQGR In place i 
of the GrB recognition site iEPD. is cleaved by FX* giving a product of the | 
same size as the G1B-H6 cleaved H6-IEPD-TrtpUB. 

Lanes F-J show the GrB-H6 + H6-IEPD-TN123 Incubations after 12 hours. In | 
lane F Is Shown non^deaved H6-IEPD-TN123 (3). Lanes G and H show how \ 
H6-IEPD-TN123 Is cleaved by GrB-H8 when no Ca^ Is present (4). The band 
pattern is explained In figure 12. In lane J the murine H6-FX-TN123 oonstnict j 
has been cleaved by FXa showing the size of the oorrecOy cleaved product i 

Marked by (S) m the figure Is the position of GrB-H6 with the same j 
concentration as In the samples with 10 id GrB-H6 added. ; 

Figure 3 shows the SDS PAGE of the samples from the GrB-H6 + H6-IEPI3- 

TrlpUB incubations after 1 2. 1 9 and 24 hours of incubation, as weH as the 

samples from the GrB-H6 + H6-IEPO-TN123 incubations. ; 

Description of the lanes A-K: | 

A: Molecular weight marker | 

B:H6-IEPD-TripUB atone after 12 hours Incutetfon • 

C: 200 Ml H6-IEPD-TrtpUB + 1 pi GrB-H6 after 12 hours incubation 1 

D: 200 pl HO-IEPD-TripUB + 1 pi GrB4H6 after 1 9 hours Incubation | 

E: 200 pi HWEPD-TrlplIB + 1 pi GrB+i6 after 24 hours Incubation j 

F: 200 pi H6-IEPI>TripUB + 10 pi G1B-H6 after 19 hours Incubatfon ! 

6: 200 pi H6-IEPD-TripUB + 10 pi GrB-H6 after 24 hours Incubation | 

H:GrB-H6 atone diluted as in F and G j 

U H6-IEPD-TN1 23 atone after 1 2 hours Incubation i 

; 
I 
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J: 200 jU H6-IEPD-TN123 + 1 |il GiB-HS after 12 hours Incubation 
K: 200 (il H6-IEPD-TN123 + 10 jU GrB-H6 after 12 hours incubation 
Lane B shows non-deaved H6-IEPD-TrlpUB (1). In lanes C-E the conectly 
cleaved product appears In all lanes, marked by (2) In the figure. The more 
GrB-H6 added and the longer the IncubaUon time, the more cleavage product 
appears in the lanes. 

Lanes I. J, and K in Figure 3 are Identical to lanes F. G. and H in figure 2 with 
the H6-IEPD-TN123 + GrB-HO Incubations, though a larger sample has been 
run on the gel In Figure 3. The bands are therefore muCh clearerlhan in figure 
2. The band marked with (3) is non-cleaved H6-IEPD-TN123 and the band 
pattern marked with (4). (5). (6) and (7) Is explained In figure 12. 

Rguie 4 explains the simple band pattern observed In figures 2 and 3. When 
no G1B-H6 is added, no cleavage occurs and only the band from the non- 
deaved fusion protein Is seen In the gel. When GrB-H6 Is added, the small N- 
lenninal sequence Is cleaved off and the conecBy cleaved product appears on 
the gel In addltton to the lentwinlng non-cleaved fusion protein. The small N- 
terminal sequence cleaved off by GrB-H6 is too smaH to be visualized on the 
SDSgaL 

Figure 5. 6 and 7 show the SDS PAGE of the samples from the H6-IEPD- 

TripUB + GrB.H6 incubations at 23'C (figure 5). 37">C (figure 6) and 42»C 

(figure 7) with no addition (1). addition of 4.2 mM NP* (2) and addltton of 4.2 

mM Nl** + 5 mM NTA (3). Description of the lanes A-K (same fbr aB 

temperature): 

A: Molecular weight marker 

B: Non-deaved HWEPD-TripUB 

C: 200 vA H6-IEPD-TripL«S + 5 jil GrB-H6. no addition 

D: 200 Mi H6-IEPD-TripUB + 6 |il QrB-H6, no addition 

E: 200 111 H6-lEPD-TrlpUB + 5 |U GrB-H6, no addition 

F: 200 |i) He-lEPD-TripUB + 5 GrB-H6. 4.2 mM Ni^ 

G: 200 111 H6-IEPD-TrlpUB ♦ 5 Hi GrB-H6. 4.2 mM Ni** 

H: 200 lU H6-IEPD-TrlpUB + 5 |il GrB-HO. 4.2 mM NP* 
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1: 200 |U H6-IEPD-TfipUB + 5 p! GrB-H6, 4.2 mWI N^* and 5 mM NTA 
J: 200 pi HWEPD-TripUB + 6 jil GrB-H6, 4.2 mM Ni^* and 5 mM NTA 
K: 200 |U HWEPD-TripUB + 5 |4J GrB-H8. 4.2 mM NP* and 5 mM NTA 
In lanes C-E (1) In all three figures where no NP* or NTA was added, the H6- 
lEPD-TripUB fusion protein Is cleaved at different rates for different 
temperatures. After 22 hours at 23''C approximately 40% of the fusion protein 
has been cleaved. At 37»G and 42»C more was cleaved after 22 hours than at 
23«C, approximately 60% at 37°C and 50% at 42»a 

Because of the precipitation of protein observed at and 42-C with 4.2 mM 
Nl** no further cleavage of the fusion protein after 2 hours lncut>atlon was seen 
in the gel. Therefbre less protein was seen In lanes F-H (2) in figures 6 (37»C) 
and 7 (42°C) than In lanes F-H (2) in figure 5 (23°C). In figure 5. lanes F-H (2), 
approximately 50 % of the fusion protein was Cleaved to product after 22 hours 
Incubation, which Is more than was cleaved with no addition of tif*. 
No precipitation was observed with 4.2 mM Nl** + 5 mM NTA added to the 
incubations. Jn figure 5 lanes 1-K(3) more produc* is seen than in lanes OE (1) 
and F-H (2), so after 22 houre incubation at 23''C with both and NTA. 
present approximately 60 % of the fusion protein has been cleaved compared 
to only about 40 % vAVn no addition and 50 % with Nf* alone. 
By further increasing the temperature to 37«C (figure 6 lanes l-K (3)) and 42^ 
(figure 7 lane l-K (3)) an even greater Increase in the rate of cleavage is seen. 
After 22 hours of Incubation at 37»C almost ail the fusion protein Is cleaved to 
the correct product A WMe less is cleaved at 42»C after 22 houra. 

Figure 8 shows the SDS PAGE of the samples from tt)e H6-1EPD-RAP 

incubations wiHi 1 or 10 |i] GrB-H6. Description of the lanes (A-L); 

A: Molecular weight mariner 

B: H6-IEPD-RAP alone after 5 hours incubation 

C: 200 ^1 H6-IEPD-RAP + 1 GrB-H6 after 5 houre Incubation 

D: 200 Ml H6-IEPD-IVkP + 10 pi GrB-HS after 5 houre incubation 

E: H8-IEPD-RAP alone after 23 hours Incubation 

F: 200 111 H6-IEPD-RAP + 1 G«-H6 after 23 hours Incubation 
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G: 200 H6-IEPD-RAP + 10 jU 61B-H6 after 23 hours fnaibaOon 

H: H8-FX-RAP cut partly with FXa. purified 

I: HB-FX-RAP cut almost completely with FXa. purified 

J: H6-IEPD-RAP alone after 26 hours Incubation 

K: 200 ^l H6-IEPD-I^P + 1 Ml GrB-H6 after 26 hours Incubation 

L: 200 )U H6-iEPD-RAP + 10 jil GrB-H6 after 26 hours Incubation 

Non-cleaved H6-IEPD-RAP (1) Is shown In lanes B. E. and J. In lanes C and D 

it is clear that all the H6-IEPD-RAP has been cleaved to give the final product 

(2) after only 5 hours incubation with either 1 or 10 pi GrB-H6 as described 

above. It is also clear that there Is at least one Internal cleavage site In RAP 

giving rise to the two lower bands appearing In these lanes. I.e. the final 

product is cleaved Into two pieces both visible on the gel (3). Lanes F and G 

and lanes K and L show essenMally the same as lanes C and D. though the 

samples were taken later, after 23 and 26 houra of Incubation wtflth 61B-H8 

giving rise to more cleavage in the apparent Internal site In RAP. 

In lanes H and I Is shown purified samples of H6-FX-RAP cleaved partly (lane 

H) or completely (lane I) by FX, to give the final RAP product In these lanes 

the degradafion products ftom any Internal cleavage by FX. has been removed 

by purification. 

Figure 9 shows the SDS PAGE of the samples from the H6-IEPD-RAP + GrB- 

H6 and the H6-FX-RAP + FXa incubations. Description of the lanes (A-O): 

A: Molecular weight marker 

B: H6-FX-RAP alone after 27 houre Incubation 

C: 400 pi H6-FX-RAP + 1 |il FXa after V& hour incudaafion 
D: 400 pi H6-FX-RAP + 1 pi FXa after 1 hour incubation 
E: 400 p] H6-FX-RAP + 1 pl FX9 after 3 hours Incubation 
F: 400 pJ H6-FX-RAP + 1 pl FXa after 5 hours Incubafion 
G: 400 pi H6-FX-RAP ♦ 1 pl FXa after 7 hours incubation 
H: 400 pl H6-FX-RAP + 1 pl FXa after 27 hours Incubation 
I: H6-GrB-RAP alone after 27 houre incubation 
J: 400 pl H6-GrB-RAP + 2 pl 6rB-H6 after !4 hour Incubation 
K: 400 pl H6-GIB-RAP + 2 pl GiB-HO after 1 hour Incubation 
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L: 400 yd H6-Gr8-RAP + 2 jil GrB-H6 after 3 hours incubation 

M: 400 fxl H6-GrB-RAP + 2 (il GiB-HS after 5 hours incubation j 

N: 400 pA H6-GrB-RAP + 2 pi GrB-HB after 7 hours Incubation ( 

0: 400 jil H6-GrB-RAP + 2 fxl GrB-HS after 27 hours Incubalfon 

In lanes B-H are the samples from the H6-FX-RAP Incubation (1), where lane 

B shows non-cleaved H6-FX-RAP. Lane C-H shows that after only Vz hour 

almost al) of the fusion protein has been cleaved by FXa to give the oonrect 

product. In lanes OG some degradation products show up, and in lane H after 

27 hours of Incubation all of the fusion protein has been degraded to give a 

variety of smaller pieces^ and ttiere is no correctly cleaved product left. j 

Lanes 1*0 shows the samples from the H6-GrB-RAP incubation (2). Lane I , 

shows non^eaved H6«GrB*RAP. and as for H6-FX-RAP nearly all the H6- j 

GrB-RAP has been cleaved correctly after only 14 hour incubation with GrB-H6, | 

as is seen In lane In lanes K-N degradation products show up. but not nearly i 

f 

as many as for the H6-FX-RAP incubation. In lane O after 27 hours of 
incubation there is sQII quite a lot of conrecUy cleaved product left. 

Figure 10 sho\ws the SDS PAGE of the samples from the H6-IEPD-TN123+ ; 
GrB-H6 incubation after 12 hours and 5 days without addltior) of Ca^. Some | 
samples have been reduced. Description of the lanes (A-N): | 
A: Molecular weight marker j 
B: 200 fd H6-IEPI>-TN1 23 + 1 fi> GrB-H6 after 5 days incubation. ' 
sample reduced 

C: 200 111 H6.IEPD-TN123 10 }U Gifi-Hd afler 6 days incubation, 
sample reduced 

D + E: H6-}En>-TN123 alone after 5 days incubation 

F: 200 \d H6-IEPD-TN1 23 1 )il GrB-H6 after 5 days incubaUon 

G: 200 |U K6-IEPD-TN123 •<■ 10 fil GrB-H6 after 5 days incubation 

H: GrB>tH6 alone diluted as in C and Q 

I: H6-IEPD-TN123 alone after 12 hours incubation 

J: 200 111 H6-IEPD-TN123 + 1 jil GrB-H6 after 12 hours incubation 

K: 200 H6-IEPI3-TN123 •»• 10 jil GrB-H6 after 12 hours incubation 

U H6-IEPI>-TN123 atone after 12 hours IncubaUon, sample reduced 
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M: 200 pi H6-IEPD-TN123 + 1 pi GrB-H6 after 12 hours Incubation, 
sample reduced 

N: 200 Mi H6-IEPD-TN123 + 10 |U GrB-H6 after 12 hours incubation, 
sample reduced 

Lanes l-K are Identical to lanes F-H in figure 2 and l-K In figure 3. Le. samples 
after 12 hours incubation with either 0. 0.2 or 2 pg GrB-HB. Here the band 
pattern (1) indicates an Intemai cleavage site in the TN123 part of H6-IEPD- 
TN123. and the pattern Is further explained In figure 12. Lanes D-Q show the 
incubations after 5 days, and here most off thefUsion protein has been cleaved. 
In lane G (10 ^1 GrB-H6 added) almost all of the fusion protein has been 
cleaved twice (2): at the lEPDi sequence as well as at the intemai site In 

TNI 23 wifli the sequence AQPDi. 
• Lanes L-N and lanes B-D show the same samples after 12 hours and after 5 

days, respectively, but here the samples are reduced. This band pattern (3) Is 

also explained In Figure 12 and again almost all of the fusion protein has been 

cleaved twice after 5 days with 10 |il GrB-H6. lane C <4). 

Figure 1 1 shows the SDS PAGE of the samples from the H6-IEPD-TN123 + 
GrB-H6 Incubation after 1 2 hours and 2 days with the addition of 5 mM Ca=*. 
some samples have been reduced. Description of the lanes (A-K): 
A: t/lolecular weight marker 

B; 200 pi H6-IEPD-TN123 + 1 pi GrB-H6 and 5 mM CaCla, sample reduced 
C: 200 pi H6-IEPD-TN123 + 10 pi GrB-HO and 5 mM CaCfe. sample reduced 
D: H6-IEPD-TN1 23 alone 

E: 200 pi H6-1EPD-TN123 + 1 pi GrB-H6 and 5 mM CaOa 
F: 200 pi H6-IEPD-TN123 + 1 pi GrB-H6 and no CaCfe 
G: 200 pJ H6-IEPD-TN123 + 10 pi GrB-H6 and 5 mM CaCla 
H: 200 pJ H6-IEPD-TN123 + 10 pi Gifi-HS and no CaCfe 
I: GrB-H6 alone diluted as in Q and H 

J: 200 pi H6-IEPD-TN123 + 1 pl GrB-H6 and no CaCfe after iz days IncubaUon 
K: 200 pi H6-IEPD-TN123 + 10 pl GrB-H6 and no CaCIa after 2 days 
Incubation 
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Lanes B-H and J-K show the incubations of H8.IEPD-TN123 with GrB-H6 after 
12 hours axvS 2 days, respectively. 

Lane D shows non-cleaved H6-IEPD.TN123. Comparing lane E and 6 (+ 5 ^ 
nM Ca^*) with lane F and H (no Ca^*) only two bands appear with 5 mM Ca^ 
present (1). while four bands appear (2) when no Ca^* In present, as described 
for Figures 2. 3. 10 and 12. After 12 hours incubation wtth 10 pi GrB-H6 
approximately 40 % of the fusion protein has been conecHy cleaved when Ca^ 
is present <lane G), while the cleavage of the two sites when no Ca^ Is present 
happens a bit faster (lane H after 12 hours and K after 2 days). In lane K 
almost all the fusion protein has been cleaved twice (3). 
The samples In lanes B and C are reduced and stm only two bands appear (4); 
the norwdeaved H6-1EPD-TN123 and the conacHy cleaved product, where the 
H6 Is removed. 

Figure 12 shows a schemaUc represenlatlon of the band pattern observed on 
the SDS PAGE In figures 2, 3, 10 and 11 . 

(A): When no Ca** Is present the H6-IEPD-TN123 construct is cleaved at two 
dIffiMeht sites Indicated by "GrB-H6 The small N-termlnal part cleaved off 
Is too small to be visualized on the gel. The resulting molecule consists of two 
polypepHde chains held tog^her by a disulfide bond. 
(1) and (2): In a non-reducing gel the band pattern in (2) Is obtained when the 
cleavage Is not complete. (1) Is the non-deaved H6-IEPD-TN123, and In (2) 
the remaining non-cleaved fusion protein Is the second band from the top. The 
top band in (2) is He-IEPD-TN123 cleaved atthe Internal site. AQPDi. giving a 
molecule of the same size as non-cleaved H6-IEPD.TN123, but less compact 
The band at the bottom Is the correctly cleaved fusion protein, whereas the 
third band ftom the top Is the fusion protein cleaved twice; both at the coitbcI 
IEPDJ- site and at the internal AQPDi site. When cleaved atthe Internal site 
the molecule Is less compact and therefore migrates shorter in the gel than the 
correctly cleaved fusion protein. 

(3) and (4): If the samples are reduced the band pattern In (4) Is observed. 
Here any disulfide bonds are broken, so only single polypeptide chains are 
seen In the geL (3) shows the position of the non-cleaved, reduced H6-IEPD- 
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•TN123. The top band in (4) Is the remaining non-cleaved H6-IEPD-TN123, 
while the second band from the top Is the correctly cleaved and reduced H6- 
IEPD-TN123. Under the reducing conditions the molecules cleaved at the 
Internal site are no longer held together by any disulfide bonds, and only the 
larger one of the two polypeptides after internal cleavage can be seen In the 
gel. Therefore the thiid band from the top is the larger part of the mtemaliy 
cleaved fusion protein, and the bottom band Is this larger part after cleavage at 
both the internal site and at the coniect lEPDi ^ 
(B): When 5 mM Ca^ Is added to the Incubations, no Irttemal cleavage Is 
observed. Ca^ Ions bind to the He-IEPI>-TN123.molecule In a way preventing 
GrB-H6 from cleaving the fusion protein at the Internal AQPDi site. With the 
AQPDi site rendered inaccessible cleavage only occurs at the correct lEPDi 
site. 

(5) and (6): When only cleavage at the correct lEPDi site occurs the band 
pattern In <6) is seen. The position of the non-cleaved H6-IEPD-TN123 fe 
shown in (5). and so the top band In (6) is the remaining non-cleaved H6-IEPD- 
TN123. The bottom band Is the fusion protein cleaved only once at the correct 
site. The small N-temiinal peptide Is too small to be visualized In the gel. 

Rgute 13 shows samples from the Incubations of three of the five H6-TripUB 
variants with GrB-H6. The three variants are H6-IEPD-TripUB. H6-TripUB 
IQADiSP and H6-TripUB IQAD^SG. Description of the lanes (A-P): 
A: IWlolecular weight marker 
B: H6-IEPD-TripUB alone after 24 houre InoAation j 
C: 200 v\ H6-IEPD-TripUB + 5 pi GfB-H6 after 2 houie Incubation \ 
D: 200 (il H8-IEPD-TripUB + 5 |U GrB-H6 after 6 hours bicubaUon j 
E: 200 |ii H6-IEPD-TripUB + 5 »il GrB^ after 24 hours Incubation j 
F: 200 ^1 H6-IEPD-TripUB + 5 |U GrB-H6 after 48 houre incubation 
Q: H6-TripUB IQADiSP alone after 24 houre Incubation 
H: 200 Ml H6-TripUB IQADiSP + 5 pi GrB-H6 after 2 houre of incubation 
I: 200 111 He-TripUB IQADiSP + 5 |iJ GrB-H6 after 6 houre of Incubation 
J: 200 pi H6-TripUB IQADiSP + 5 pi 6rB-H6 after 24 houre of Incubation 
K: 200 Ml H6-TripUB IQADiSP + 5 pi GrB-H6 after 48 houre of Incubation 
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L: H&TripUB IQADiSG alone after 24 hours ineubaflon 
M: 200 Ml H6-TripUB IQADiSG + 5 |il GiB-«6 after 2 hours Incubation 
N: 200 }il H6-TripUB IQADiSG * 5 pi Gifi-H6 after 6 hours Incubation 
0: 200 Ml HB-TripUB IQADiSG + 5 mI QrB-H6 after 24 hours Incubation 
R 200 pi H6-TripUB IQAOiSG + 5 pi GrB-H6 after 48 hours Incubation 
In lane 8 is shown nooKdeaved He-lEPD-TripUB. while more and more 
correctly cleaved product appear In lanes C-F after Incubation with GrB-H8. In 
lane F after 48 hours Incubation approximately 2/3 of the original amount of 
non-cleaved H6-IEPD-TripUB has been correctly cleaved. In lanes G-K is 
shown the H6-TripUB IQADiSP samples giving more or less the same picture 
as for H6.IEPD-TripUB with non-cleaved H8-TripUB IQADiSP In lane G and 
an Increasing amount of correcUy cleaved product In lanes H-K. The cleavage, 
ttiough. is much slower than cleavage of ihe lEPDiSP sequence and orily a 
small amount has been cleaved after 48 hours Incubation. For the H6-TripUB 
IQADiSG samples in lanes L-P it is evident that the Cleavage Is very much 
faster than for both H6-IEPD-TripUB and H6-TripUB IQADiSP. Lane L shows 
the non-cleaved H6-TripUB IQADISG and already after only 2 hours 
Incubation the majority of the fusion protein has been cleaved to give the 
correct prockict 

Figure 14 shows samples fmm the Incubations of two of the fhr© HO-TrlpUB 
variants with GrB-H6. The two remaining variants are H8-TripUB VGPDiSP 
and H6-TripUB VGPDiFQ. Description of the lanes (ArK): 
A: H6-TripUB VGPDJSP alone after 24 hours Incubation 
B: 200 Ml H6-TripUB VGPDiSP + 5 mI GrB-HO after 2 hours Incubation 
C: 200 111 H&-TripUB VGPDiSP + 5 pi GtB-H6 after 6 hours incubation 
D: 200 Ml H6-TripUB VGPDiSP * 5 Ml QrB-HO after 24 hours incubation 
E: 200 Ml H6-TripUB VGPDiSP + 5 Ml GrB-HS after 48 houre Incubation 
F: H6-TripUB VGPDiFG alone after 24 hours incubation 
6: 200 Ml H6-TripUB VGPDiFG * 5 pi GrB-H6 after 2 houre Incubation 
H: 200 Ml HO-TripUB VGPDiFG + 5 Ml QrB-H6 after 6 hours Incubation 
1: 200 Ml H6-TripUB VGPD4-FG + 6 pi GrB-H6 after 24 houre incubation 



24 



23 



2003 WED 14:39 FAX +45 8620 5232 BoreanplMinnu 



a 027/082 



J: 200 Ml H6-TripUB >A3PDiFG + 5 1*1 GrB-H8 after 48 hours Incubation 
K: Molecular weight marker 

in lane A Is noriKjIeaved H6-TrlpUB VGPDiSP and in lanes B-E more and 
more conecOy cleaved product appears as seen for H6-IEPD-TripUB (lanes B- 
F figure 13). Approximately half the amount of fusion protein has lieen cleaved 
after 48 hours. In lane F non^leaved H6-TrlpUB VGPD4FG Is shown and In 
lanes G-J the conecUy cleaved product of HO-TripUB VGPDiFG appears. 
After only 2 hours Incubation all the fUston protein has been conecUy cleaved. 
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Examples 
Example 1 

Design and construction of human Oranzyme B expression vectors 
A sequence encoding acUvated human Granzyme B (E.C. 3.4.21 .79), l.e. from 
He21 (Ite16 In chymotrypsin numbering) to Tyr246, wae cloned Into pT7 cloning 
vectois containing a hexeeHis tag (H6) either N- or C-tenmlnally. A blood 
clotting t&ctor Xb (FXo) acttvaUon sequence of lEGR was placed just N- 
tsmilnally to Ile21 . A Granryme B constnid with the C-term!nal hexa-Hls tag Is 
shown m SEQ ID NO. 26. The expression vectors pT7-lEPD-GrB-H6 and pT?- 
lEAD-GrB-H6 were also constiucted. wherein the FXa activation sequence of 
lEGR was substituted with lEPD or lEAD, respectively. The design and cloning 
of ttie vectors is outlined m flie foDoviring: 

rnnstmction of the dT7 C -i p W} donlna vector 

The cloning vector pT7 C-temi H6. was constructed by ligation of the DNA 
fragment made from the oligonucleotide primers H6 C-tenn1W(SEQ ID NO: 1) 
and H6 C-tsmi rev (SEQ ID NO: 2) Into an Ateol and EcoRI cut vector, pT7 
(Christensen JH et al.. 1©91). using standard procedures. 

f^ftnlno of human Qranzvm? R Uita oT7 expression vectore 

The expression vector pT7-GrB-H6. was constructed by ligation of the BamHI 
and EcoRl restricted DNA fragment GrB EcoRI amplified flrem a mixture of 
cDNA, teolated from human bone nwinow, human leukocyte, human 
lymphnodes. and lymphoma (Rail) cells (Clontech Laboratories. Inc cat # 7181- 
1. 7182-1, 7164-1. 7167-1) (with the oligonucleotide primere GrBfW (SEQ ID 
NO: 3) and GrBrev Ecol^ (SEQ ID NO: 4)) into a BamHI and EcoRI cut vector; 
pT7C-temj H6. using standaid procedures. Outlines of the resulting nucleotide 
sequence of GrB EcoRI. is given as SEQ ID NO: 5. 

The expression vector pT7-H6-GrB. was constructed by ligation of the BanrlHl 
and H/ndlll restricted DNA fragment QiB Hlndlll amplified from a mixture of 
cDNA. Isolated from human bone mamw. human leukocyte, human 
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lymphnodes, and lymphoma (Raji) cells (Clontech Laboratories. Inc cat # 7181- 
1, 7182-1, 7164-1, 7167-1) (with the oligonucleotide primers GrBfw (SEQ ID 
NO: 3) and GrBrev HIndlll (SEQ ID NO: 6)) Into a SamHI and H/ndlll cut 
vector. pT7-H6 (Christensen JH etal., 1991). using standard procedures. 
Outlines of the resulting nucleotide sequence of GrB HIndlll. is given as SEQ 
ID NO: 7. 



iS. 



cnnstruction f rf ftxni»9ston vf for fifitf-acHvatInq human gf 

The expression vectors pT7-IEPD-GrB-H6 and pT7-IEAD^rB-H6 ware 
constructed by using the QuikChange™ SIte-Dlrecled Mutagenesis Kit 
(STRATAGENE. Catalog #^00518) according to the manufecturers' protocol. 
The expression vector pT7-GrB-H6 was used as template. The ollgonudeatlde 
primers GrB 6R-PD fW and GrB GR-PD rev (SEQ ID NO: 8 and 9) vwre used 
for constmction of pT7-IEPD-GiB-H6 and the oligonucleotide primers GrB GR- 
AD ffW and GiB GR-AD rev (SEQ ID NO: 10 and 1 1 ) were used for conslnictlon 
of pT7-IEAD-Q»e-H6, 



Primer 


Nudeoflde sequence 


SEQ ID 
NO. 


H60termfvtf 


6'-CATGGACGGAAGCTTGAATrCACATCACCATCACCATCACTA 
ACGC-3' . 


1 


H6 C-term rev 


S'-AATTGCGTTAGTGATGGTGATGGTGATGTGAATTCAAGCTTC 

CGCT^* 


2 


GrBfw 


5-CATGGGATCCATCGAGGGTAGGATCATCGGGGGACATG 
AG-y , ^ 


3 


GrBrev EcoRI 


5'-GCGTGAATTCAGGTACCGTTTCATGGI 1 IICM IATCC-3' 


4 

6 


GrBrev EcoRI 
6rB GR-PD fw 


6'GGCGAAGCTTAGTAGCQnrrrCATGGTTTTC-3' 
5*-TCCATCGA6CCGGATATCATCGGGGGACATGAG-3' 


8 


GrB GR-PP rev 


5'-CCCCQATGATATCCQGCTCGATGGATCCCATATG-3* 


9 


GrB GR-AD fw 


5'-TCCATCGAGGCTGATATCATCGGGGGACATGAG-3' 


10 


GrB GR-AD rev 


S'-CCCGGATGATATCAGCCTCGATGGATCCCATATG-d* 


11 
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Example 2 

Expression and refolding of the liuman Grancyme B 
Recombinant Inuman Granzyme B fusion protein QrB-He was produced by 
growing and expressing the vector pTT-GrB-He In E. coli Bl2^ cells In a 
medium scale (3x1 Mtre) as described by Studler FW et al. (1990). 
Exponentially growing cultures at Z7^C were at ODeoo = 0.8 Infected with 
bacteriophage ?CE6 at a multiplicity of approximately 5. Cultures were grown 
at 37-C and 60 min after infection 0.1 g/L rifampldn (dissolved as 0.1 g/mL in 
methanoO was added. After another three hours at 37»C the cells were 
harvested by centrlfugatlon. The cells were lysed by osmotic shock and 
sonification and total cellular protein was extracted Into phenol (adjusted to pH 
8 with Trisma base). The protein was precipitated from the phenoi phase by 
addition of 2.5 volumes of ethanol and oenlrlfUgaUon. The protein pellet was 
dissolved In a buBter containing 6 M guanldinlum chloride, 50 mM Tris-HQ pH 
8. and 100 mM dilhiothreitol. Following geWIItiation on Sephadex^ G-25 Fine 
(Ameisham Biosciences) Into 8 M Urea, 0.6 M NaCI, 50 mWl Trts-HQ pH 8. 
and 5 mlM 2-morcaptoelhanoi. the erode protein preparation was applied onto 
a Nl**-actlvated NTA-agarose column (Nl^-MTA-agarose. Quiagen). 

Upon application of the erode protein extract onto the N«'*-I^A -agarose 
column, the fusion protein. GrB-H6 was purified from the maiority of E coff and 
? phage proteins by washing wtth one column volume of the loading buffer 
followed by one column volume of 8 M Urea. 0.5 M NaCi. 60 ml^ sodium 
phosphate pH 6.3 and 6 mWI 2-mercaptoethanol, 54 column volume of 6 W 
guanidlnlum chloride. 50 nM Tiis-HCi pH 8. and 6 mM 2-mercaptoethanol and 
finally Yz column volume of 8 M Ursa. 0.5 M NaO. 50 mM Tris-HCI pH 8. and 3 
mM reduced giutattiione. 

The QrB-H6 fusion protein was refolded on the Ni**-NTA -agarose column 
using the cyclic lefokling procedure described by Thcgersen et al. 
(IntemaHonal Patent Application W09418227). The gradient manager profile is 
described in Table 2 with 0.6 M IteCI. 50 mM Tris-HCi pH 8. 2 mM reduced 
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glutathione, and 0,2 mM oxidized glutathione as buffer A and 6 M urea. 0.5 
NaCI. 50 mM Tris-Ha pH 8, and 3 mM reduced glutathione as buffer B. 

After completion of the cyclic refolding procedure, the GrB-H6 fusion protein 
was eluted from the Nl'^^-NTA-agarose column with a buffer containing 0.5 M 
NaCI, 50 mM Tris-HCI pH 8, and 1 0 mM EDTA pH 8. 

After elutlon from the Ni**-NTA column the GrB-H6 protein was diluted with 1 
vol. of 50 mM Tris-HCI pH 8.0 befbre the pH was adjusted to 7 with HCI. The 
protein was then applied onto a 8P Sepharose™ Fast Flow (Amereham 
Biosciences) ion exchange column. The protein was eluted over 10 column 
volumes with a linear gradient from 250 mM NaCI, 50 mM Trts-HGI pH 7.0 to 
M Naa, 60 mM Tris-HCI pH 7.0. Samples from the elutlon profile appear as 
single distinct band In SDS-PAGE analysis and migrate with the anticipated 
molecular weight of 27.4 kDa for non-activated mononwric G1B-H6 (not 
shown). 
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£xampl6 3 

Activation of the GrB-H6 fusion protein using purified bovin© Factor Xa 
and coiorimetric activity measurements using the sutistrate Ac-IEPCJ- 
pNA 

Activation of GrB-HB bv Fai^or Xa 

A sample of monomeric GrB-H6 containing the iEGR sequence was talwn 
directly from the eluate from the SP Sepharose ion exchange described In 
Example 2. 1 mg of GrB-H6 (in app. 10 ml) viias activated by the addition of 60 
Jig FXa (50 jjJ of 1 mg/ml) and Incubated at RT for several days. The degree of 
cleavage/acUvallon by FXa was estimated by SDS PAGE (not shown). 

To remove the added FXa the activation mixture was loaded onto a SP 
Sepharose'™ i=a8t Row (Amersham Biosciences) ion exchange column 
washed in 250 mM NaCI. SO mM Tris-HCI pH 7.0. The FXa did not bind to the 
column material, while the activated GrB-H6 was eluted with 750 mM NaCI, 
50 mM Tris-Ha pH 7.0. 

ColorimetH e acHvHv measurements 

To detennlne whether the added FX, had been properly removed, both the 
Granzyme B and the FXa activity was measured before and after removal of 
the added FXa using a coiorimetric assay with the substrates S2222 (N- 
B««oyl^-l8oleucyl-L-fllutemyi-glyc^4.-aiglnineTPHtiltroartiline,Chromog^ 
Italy, cat. no. S2222) and Ao4EPD-pNA (N-acetyl-L-lsoteucyi-L-glutamyl-L- 
prolyl-L-aspartyl-p-nltroanillnd. Calblochem, La JoMa, USA, cat no. 368067). 
where the abeorbance was measured at 405 nm for approximately 3 minutes, 
and the AODWmin was calculated. 

For the mea«ir«nent of FXa activity the following was mixed: 
SOO III buffer. 25 |tl 3 mM 82222. and 5 enzyme. 
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For the measurement of Granzyme B activity the following wae mixed: 
600 111 buffer, 2 111 100 mM Ao-IEPD-pNA. and 5 |*l enzyme. 

The buffer used was either 100 mM NaCI, 50 mM Tris-HCl pH 8.0 or 100 mM 
HEPES pH 7.4. An example using the 100 mM NaCI. 50 mM Tris-HCl pH 8.0 
buffer is shown below In table 3, where the top fraction from the SP 
Sepharose eluate after FX, removal was used: 



Tabled: 



Before FXa removsil 
(^ODWmln) 


After FXa removal 1 

(AOD<(05/n^in) 


GrBacUvlty 




GrB actrvtly 


FXaacUvity 


0.1401 


0.0139 


0.2213 


0.0001 



The acth^lly of an incubation of GrB-HS with FX^ was followed for several days 
using the following colorimetric assay: 500 \ii buffer (100 mM NaCI. 50 mM 
Tris-HCl pH 8.0), 4 m1 100 mM Ao-IEPD-pNA. and 5 pJ GrB-H6. The mbcture of 
100 pi GrB-H6 (approximately 10 pg) with 1 pi FXa (1 mg/ml) was kept at 4'*C 
during the incubation. The following data In table 4 was obtained. See also 
Figure 1. 



Table 4: 



Time 


Time (hours) 


AODWmin 


0 hours 


0 


0.0073 


2 hours 


2 


0.0200 


5 hours 


5 


0.0250 


19 hours 


19 


0.0829 


2 days 


45 


0.1325 


5 days 


120 


0.1832 



Tt^ft effect of different buffers on the cniorimetfic assay 

The acUvity of the activated and purified GrB-H6 was measured In different 
buffers using the Ao-IEPt>pNA substrate: 500 pi buffer, 2 pi 100 mM Ac- 
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lEPD-pNA, and 5 |il GrB-H6. The AOD405ftnln was calculated from the first 
0.75 mm unless othenwise noted. (TN = 100 mM Naa. 50 mM Tris-Ha). Thi 
results are listed In table 5 and 6. where the measurements in table 6 were 
made with the same GrB-H6 batch as table 5, but with another 100 mM Ao- 
IEPI>pNA batch: 



Table 5: 



Buffsr 


Approximate amount 


Activity 






of GrB-H6 added (|ig) 


(AODWvYiin) 


TN pH 8.1 


1 


0.2213 


{1 min) 


TN pH 7.0 


1 


0.2794 




TNpH7.4 


1 


0.2930 
0.2624 








0.0835 
0.1082 






0^ 


0.0245 


(3m1n) 


TN pH 7.4 ♦ 0.1% TWEEN20 


0.5 


0.0887 




0.2 


0.0303 


(3 min) 


TNpH7.4 + 6inMCa*^ 


0.5 


0.1401 




TNpH7.4 + 5mM Mg^* 


0.5 


0.1491 




100 mM HEPESpHT.S 


0.5 


0.2350 




100 mM HEPES pH 7.5 + 5 mM Ca** 


0.5 


0.2425 
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Table 6: 



Buffer 


ApproxUnate amount 
of GrB-K5 added (pg) 


Activity 


100mfi/)HEPE$pH7.2 


0.5 


0.1970 


100mMHBPESpH7.4 


0.5 


02273 
0.2328 


100 mM HEPES pH 7,4 + 50 mM KCl 


O.S 


0.2167 


100 mM HEPES pH 7.4 50 mM NaCI 


0.5 


0.1^ 
0.1938 


100 mfi/l NaCI. 50 mM Trte-Ha pH 7.4] 


0.5 


0.1662 


50 mM UaO, 25 mM Tris-HCf pH 7.4 


0.5 


0.1945 


100 mM KCl. SO mM Tris*HCI pH 7.4 


0.5 


0.1662 



R was found that 100 mM HEPES pH 7.4/7.5 vtsis the best tHjffer for GrB-H6 
activity of the buffers evaluated. 

Example 4 

Design and construct on of expression vectors for fusions proteins 
conteiining an lEPD sequence cleavable by GrB-H6 

In orderto prepare suitable fuston proteins as substrates for Granzyme B, the 
F)Q recognition sequence In the FXa deavable fusion prot^s H6-FX- 
fUpBUB. H6-FX-RAP and H6-FX-TN123 (encoded by pT7H6-FX-TripBUB, 
pT7H8>FX>RAP and pT7H6-4=X>TN123» respectively) was changed from eittier 
IE6R or IQOR to lEPD. giving the oonstnjds H6-IEP0-TripUB (SEQ ID NO. 
27). HO-IEPD-RAP (SEQ ID NO. 28). and H6-IEPD-TN123 (SEQ ID NO. 20). 
In addition, the IEPD4SP cleavage site in the H6-TripUB construct was 
changed to four oth«r deavage sites to give the following variants: H6-TripUB 
IQADiSP (SEQ ID NO. 30). H6-Tl1pUB IQADiSG (SEQ ID NO. 31). H6- 
TripUB VGPDiSP (SEQ ID NO. 32) and H6-TripUB VGPD.iPG (SEQ ID NO. 
33) where i indicates the lavage site. In two of these four constructs the Pi' 
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and Pa -sites of the fusion protein were also changed, namely in H6-TripUB { 
IQADiSG and H6-TripUB VGPDiFG. | 

Constmctlon nf fusion pmteln exofea^n vectors 

The expression vector pT7H6-IEPD-TripUB was constnicted by using the 
QuIkChange^** Slte-Dlrected Mutagenesis Kit (STRATAGENE, Catalog 
#200518) acconJIng to the manufacturers' protocol with the vector pT7H6-FX- 
TripBUB (WO9856906) as template and the ollgonucleolide primers: TrIpUB 
GrB fw (SEQ ID NO: 12) and TripUB GrB rev (SEQ ID NO: 13). 

The expression vector pT7H6-IEPD-RAP was constructed by slte^lrected 
mutagenesis as descrit>ed above virtth the vector pT7He-FX-RAP (Nyiqaer et 
al.. 1992) as template and the oligonucleotide primers: RAP GiB fw (SEQ ID 
NO: 14) and RAP GiB rev (SEQ ID NO: 15). 

The expression vector pT7H6.IEPD-TN123 was constnicted by site-directed 
mutagenesis as described above with the vector pT7H6-FX-TN123 (Holtet et 
al., 1 997) as template and the oligonucleotide primers: TN GrB fw (SEQ ID 
NO: 1 6) and TN GrB rev (SEQ ID NO: 1 7). 

The expression vector pT7H6-TripUB IQADiSP was constructed by using 
site-directed mutagenesis as described above with the vector pT7H6-FX- 
TripBUB (WO 9856906) as template and Oie ol^nucleotide prbnere: 
PC7TripUB GR-AD fw (SEQ ID NO: 18) and PCZTrlpUB GR-AO rev (SEQ ID 
NO: 19). 

The expression vector pT7H6-TrIpUB IQADASG was constnicted by using 
siteKliiected mutegenesis as described above with the vector pT7H6-TripUB 
1QAD4SP as template and the oligonucleotide primers: PCTTripUB P-G fw 
(SEQ ID NO: 20) and PCTTripUB P-G rev (SEQ ID NO: 21). 
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The expression vector pT7H&-TripUB VGPD4«P was constructed by using 
stte^lreded mutagenesis as described above with the vector pT7H6-IEPD- 
TilpUB as template and the oligonucleotide primers: DNATrip lE-VG fw (SEQ 
ID NO: 22) and DNATrip lE-VG rev (SEQ ID NO: 23). 

The expression vector pT7H6-TripUB VGPDiFG was constructed by using 
site-directed mutagenesis as described above with the vector pT7H6-TripUB 
VGPDlSP as template and the oligonucleotide primers: DNATrip SP-FG iw 
(SEQ ID NO: 24) and DNATrip SP-FG rev (SEQ ID NO: 25). 



Table 7: Oligonucleotide primers 



Primer 


Nucleotide sequence 


seqidI 

NO. 1 


TripUBQrBfW 


5'-GTGGATCGATCGAGCCTGACTCTCCrGGTACGGAGCC-3 


12 j 


TripUBQrBrev 


5-QGTACCAGGAQAGTCAGGCTCQATGGATCCACTACCAC.3' 


13 1 


RAPGrBfw 


5'-CGGATCGATCGAGCCTGACTACTCGCGGGAGAAG-3' 


14 1 


RAP G A rev 


S-^CCGCGAGTAGTCAGGCTCGATGGATCCGTGATG-a' 


15 1 


TNOfBfW 


5'.GGATCCATCGAGCCTGACGGCGAGCCACCAACC-3 


16 


TNGrBrev 


5'43GCTCGCCGTCAGGCTCGATGGATCCGTGATGG-3' 


IT 1 


PCTTripUB GR-AD 1w 


5'^GATCCATCCAGGCAGACTCTCCTGGTACCGAG-3' 


18 1 


PCTTripUB GR-AD rev 


5-.CTACCAGGAGAGTGTGCCTGGATGGATCCACTAC^' 


19 1 


PCTTripUB P-G fw 


6'.GGATCCATCCAGGCAGACTCTGGT6GrrACCGAGCCAC-3* 


20 


PCTTripUB P-G rev 


6'-CTCGGTACCACCAGAGTCTGOCTGGATGGATCCACTAC>3' 


21 


DNATrlp »E-VG1w 


6*^TAGTGGATCAGTC6GGCCTGACTCTCCT6GrrAC-3' 


22 


DNATrlp lE-VG rev 


B'-^GAGTCAGGCCCQACTGATCCACTACCACTACC-S' 


23 1 


DNATrlp SP-FG fw 


S'-GGCCTGACTTTGGTGGTACCGAGGCACCAAC^' 


24 


DNATrlp SP-FG rev 


S'-GGCTCGGTACCACCAAAGTCAGGCGGGACTG^- 


25 1 
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Example S 

Expression, purification and refolding of fusion proteins containing the 
lEPD sequence cleavabie fay G1B-H6 

Expression of the fusion prote ins He-IEPD-TrioUB. He-IEPD-RAP. H6-1EPQ-. 
TN1 25 and th e Hfl-TriaUB variants 

To prepaiB the above dilmeric fusion protdns H6-IEPD-TripUB, HWEPD- 
IW, He-IEPi>-TN123 and the H6-TrlpUB variants, the vectors pT7H6-IEPD- 
TrlpUB. pT7He-IEPI>-IRAP, pT7H6-iEPO-TN123. pT7H6-TrfpUB IQADiSP. 
pTTiHe-TripUB IQADiSG, pT7H6-TripUB VGPDiSP and pT7ri6-TrtpUB 
VGPD^I-FG (the last Itour termed H6-TripUB variants) were grown In a medium 
scale (3 litre: 2jaY medium, 5 mM MgS04 and 0.1 mg^ml amplcHlln) In E. coff 
BL21 cells, as described by Studier FW et al. (1990). Exponentially growing 
cultures at 37*0 were at ODgoo = 0.8 infected with bacteriophage XCEQ at a 
multiplicity of approximately 5. Cultures were grown at ST'C for another four 
hours and the cells harvested by cenlrtfugatlon. Cells were re-suspended in 
100 ml of 750 mM NaCI, 100 mM Tris-HCI pH 8, and 1 mM EDTA pH 8. 
Phenol (150 ml adjusted to pH 8 witti Trisma base) was added to each, and 
the mixtures were sonicated to extract total protein. After cteiiflcation by 
centrifiigatlon (25 minutes at 10.000 g) erode protein fractions were 
pr^pitated from the phenol phases by addition of 2.5 volumes of 96 % 
ethanol and centriftigatlon. Protein pellets wera dissolved m 75 ml 6 M 
guanldlnium chloride, 50 mM TrIs-HCI pH 8, and 100 mM dithiothreitol (DTT). 

Purification of H6-IEPD-TripUB. HS-IEP P-RAP and He-TrinUB variants 

Following geMlltratlon on Sephadex™ G-25 Rne (Amersham Biosciences) 
into 8 M Urea. SCO mM NaO, 50 mM Tris-HCi pH 8. and 1 0 mM 2- 
mercaploalhanol. the crude protein preparations of the H6-IEPD-TripUB and 
H6-IEPD-i^P fusion proteins were applied by batch adsorption onto NP* 
activated NTAragarose (NI**-NTA-agarose, Quiagen) columns (usually 50-75 
ml column volume) for purification (Hochull E et al.. 1988). The column was 
washed vtdth the following: 
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1 . 2 X column volume 8 M urea, 500 mM NaCl. 60 mM Tris-HCl pH 8. and 10 
mM 2-mercaptoethanol 

2. 1 X column volume 8 M urea. 500 mM NaCI. 50 mM sodium-phosphate pH 
6.3, and 10 mM 2-mBrcapto©thanol 

3. 1 X column volume 6 M guanldlnlum chloride, and 50 mM Tris-HCI pH 8, 
and 10 mM 2-mercaptoethanol 

4. 2 X column volume 500 mM NaCI, and 50 mM Tris-HCI pH 8 

The purified fusion proteins were then eluted with 500 mM NaQ, 50 mM Tris- 
HCI pH 8, and 10 mM EDTA. 



Pur 

Following geMBlratlon on Sephadex"™ G-25 Fine (Amersham Biosciences) 
into 8 M Urea, SOO mM NaQ, 60 mM Tris-HCI pH 8, and 10 mM 2- 
meroaptoethanol. «» cnide protein preparations of the He-IEPD-TN123 
fusion proteins were applied by twitch adsorption to activated NTA- 
agarose (N?*-IMTA^garose, Quiagen) columns (usually 50-76 mi cx>lumn 
volume) for puriflcaBon and In vitro refolding. The column was washed with 
the following: 

1. 2 x column volume 8 M urea, 500 mM NaCI, 50 mM Tris-HCI pH 8, and 10 
mM 2-mercaptoethanol 

2. 1 X column volume 8 M urea. 500 mM NaCI. 50 mM sodium-phosphate pH 
6.3, and 10 mM 2-mercaptoethanol 

3. 1 X column volume 6 M guanidinium chloride, 50 mM Tris-HCI pH 8, and 
10 mM 2-mercaptoethan(d 

Each fusion protein was then subjected to the Iterative refbWing procedure as 
described for plasminogen krlngle 4 by Thegerson et al. (International Patent 
ApplicaUon WO 0418227). After completion of the refolding procedure each 
refolded fusion protein was then eluted from the NP^-NTA-agarose In 500 mM 
NaCI, 50 mM Tris-HQ pH 8, 10 mM EDTA. 



Fractions of each refolded fusion protein was gel filtrated Into 50 mM NaCI. 25 
mM sodium acetate pH 5.0. and 1 mM CaCb. and was further purified by ion 
exchange chromatography on SP Sepharose™' Fast Flow (Amereham 
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Biosciences, 1.6 (i.d.) by 20 centimetre column) using a satt gradient from 50 
mM Naa, 25 mM sodium acetate pH 6.0 and 1 irM CaCIa to 1 M NaCI. 25 
mM sodium acetate pH 5.0. 1 mM CaCb. 

The final purification of eacli conectly folded fusion protein product was then 
aocompiished by gel-filtration into 25 mM NaCI, 10 mM Tris-HCI pH 8, and 1 
mM CaCk followed by Ion exchange chromatography on Q Sepharose™ Fast 
Flow (Amersham Biosciences, 1.6 (I.d.) by 20 centimetre column) using a satt 
gradient from 25 mM NaCI. 10 mM Tris-HCI pH 8. and 1 mM CaCIa to SOO mW 
NaCI, 10 mM Tris-HCI pH 8, and 1 mM CaCfe. 



Example 6 

Cleavage of prapared f uaion proteins by Gi©-H6 

niAavaoe of Hft -|FpP-TrinUB bv QrB-H6 

The fusion protein HO-IEPO-TripUB (Example 5) eluted from the Ni'*-NTA- 
agarose cotumn was gel filtrated into 100 rnM HEPES pH 7.6 and 200 pi 
samples of the top-ftacUon was Incubated at room temperature with either 0, 1 
or 10 Ml of activated GrB^6 (approximately 0. 0.2 and 2 |jg GrB-H6). 

Samples for SDS PAGE were taken after 12. 19, and 24 hours of Incubation, 
and gels are shown In Rgures 2 and 3. 

Only the oon-ectly cleaved product appear in lanes C-D In figure 2 and lanes 
C-G In figure 3, and the longer the Incubation tlrr», the more cleavage product 
appears In the lanes, both lorthe addition of 1 and 10 pJ 6rB-H6. The simple 
band pattern observed is explained In figure 4. From this It Is clear that GrB- 
H6 cleaved HO-IEPD-TripUB spedflcally at a single site. Cleavage at the 
coirect site after «ie lEPD sequence is oonfimted In lane E In figure 2, where 
the constnict H6-FX-TripUB. containing the FX, recognition site IQGR in place 
of the GrB recognition site lEPD. was cleaved by FX, giving a product of the 
same size as the GfB-H6 deaved H6-IEPD-TripUB. 
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Thft ftffect of temnftrattiie and P '^HiHnn of Nl^* and NTA on thf* cIpayaHSitf 
Ht ^gpp-Trin t m hv GrB-H6 

With ttie H6-IEPD-TrlpUB fUston protein the following nine IncubaHone were 
set up using 200 pi H6-lEPD-TripUB and 5 pi GrB-H8 (approximate 1 VQ 
6rB-H6) for each incubation. 

Table 8: 



1 


No addition 




2 


4.2 mMNP 


23*C 


3 


4.2 mM NP* + 5 mM NTA 




4 


No addition 




5 


4.2 mM Nr 


370c 


6 


4.2 mM N?* ♦ S mM NTA 




7 


No addition 




e 


4.2mMNr 


42'C 


9 


4.2 mM Nl'^ + 5 mM NTA 





Samples for SDS PAGE were taken after 2. 7 and 22 hours of incubation, see 
Rgures 5, 6 and 7. 

it was contemplated that the Ions would bind the N-temnlnal hexa-Hls taH 
(H6) of the fusion protein and f^lltate access to the cleavage $ite recognized 
by Gre^ie. In addWon the Ions would also bind the <Mennlnal hexa-Hls^ 
tail of the GrB+» constouct The addition of 1>rrA was made to shield the Ni^* 
Ions in solution in a sUnllarfeshlon as on the Nl»*-NTA agarose beads. I.e. to 
simulate the conditions on the NI«*-I^A agarose column. 

Rgure 5 shows the Incubations at 23'C, figure 6 at 37-C and figure 7 at 42«'C, 
When no Ni*" or NTA was added, the HS-IEPD-TripUB fusion protein was 
cleaved simHar to what Is seen In figures 2 and 3. though atter 22 hours It. 
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eeems that mcubatton at 37<»C is the most optimal of the three temperatures 
tasted. 



Vm the additton of 4.2 mM some protein precipitated at the higher | 
temperatures of 37"C and 42'C. but no precipitation was seen at aS'C. j 
Because of this no further cleavage of the fusion protein Is seen In the gel 
after 2 hours IncubaUon at these t«w> temperatures, where It seems that both 
some H6-lEPD-TripUB and GrB-H6 precipitated. At 23»C more fusion protein 
was cleaved after 22 hours tlian wHh no addiUon of Hf*. 

The obsen^ed precipitation problem was efimlnated by the addition of 5 mM 
NTA to the incubations. After 22 hours incubation at 23«C more fUslon protein 
had been cleaved than with no nP* or mA addition, so the addition of N?^ 
and NTA seems to speed up the cleavage reaeUon. By further Increasing the 
temperature to 37'C and 42rC an even greater Increase In the rate of 
cleavage le seen. Alter 22 houra of Incubation at 37«C almost all the fusion 
protein was cleaved to the coned product A little less vras cleaved at 42«C 
after 22 twurs. 

Comparing the rate of cleavage InWany estimated In the experiments shown In 
figures 2 and 3, to the rate of cleavage observed here. It Is clear that the 
addition of NP and NTA as weH as the Incubation at 37«C speeds up the 
spedRc deavage of H6-IEPD-TripUB by GrB-H6 dramatically. 

Cleavage rf Hfi-IEPD-RAP tw GrB-H6 

The fusion protein H6-IEPD-RAP (Example 5) eluted from the NI^-NTAr 
agarose column was gel filtrated into 100 mM HEPES pH 7.4 and 200 pi 
samples of the top-fraction was Incubated at room temperature with either 0. 1 
or 10 |U of activated GrB-H6 (approximately 0. 0.2 and 2 iig 6rB-He)- 
Samples fbr SDS PAGE were taken after 5. 23 and 26 houre of Incubation, 
see Rgure 8. 
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1 

i 

After only 5 hours Incubatfon with either 1 or 10 pi GrB-H6 as described above 
aU the H6-IEPD-RAP was deaved to give the final product. It Is also dear mat 
there Is at lea^ one Inlemal cleavage site in RAP, but this Internal site was j 
cleaved much slower than the lEPD sequence, though. That GrB-H6 cleaved i 
off the H6 correctly at the lEPD sequence can be seen by comparing the size j 
of the product with purified samples of HS-FX-RAP cleaved partly (lane H) or ! 
completely (lane I) by FXa to give the final RAP product. In these lanes the j 
degradation products from any Internal cleavage by FXo had been removed i 
by purification. } 

r 
I 

Comparison of HiUGrB-RAP c teavaae bv GrB-HB and HO-FX-RAP Qjeay^q^ \ 

bvFXa j 

The cleavaga of H6-Gri3-RAP by GrB-H6 was compared with the cleavage of 

H6-FX-RAP by FXa. Both HS-GiB-RAP and H6-FX-RAP were In 100 mM 

HEPES pH 7.4 and the following incubations were set up at room 

temperature: 

1. 400nlH6-FX-RAP*1|UFXa(1mg/ml) 

2. 400|ilH6-6fe-RAP'i-2Ml6ri3-H6(app.0.2MO) 1 

t 

Samples were taken for SDS PAGE after 0,>&, 1,3, 5, 7 and 27 hours of i 
incubatfon, see Figure 9. ■ 

i 

It is dear that l)Oth fusion proteins were cleaved very rapidly by their j 
respecUve protease, so that after only % hour almost all of the ftislon protein 
had been cleaved to give the correct pioduct for botti incubations. 

t 

For the He-FX-RAP + FXa Incubation, though, all of the fusfon protein had \ 
been degraded lo give a variety of smaller pieces after 27 hours, and there Is j 
no correctiy deaved product left | 

I 

In the H6-IEPD-RAP + GrB-Ha Incubatfon degiadatton products show up as 
tor the H8-FX-RAP incubatfon, but not as many as for the H6-FX-RAP 

I 
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fncubaBoa Tliere seems to be only one GrB-sensHive site In RAP. whHe there 
are several FXa sensitive sites. This slows down the degradation of H6-G1B- 
RAP by 6rB-H6, whereby quite a lot of correct^ deaved product Is still 
present after 27 houre of incubation. 

In summary the correct cleavage of the RAP fusion protein by GrB-H6 is just 
as fast as by FXa. but tine degradation of the RAP fusion protein by GrB-H8 is 
much slower than the degradation by FXa. 

Cteavaae of Hft-lgPP.TN123 bv G1B-H6 

The fusion protein H6-IEPD-TN123 (Example 5) eluted from the Q Sepharose 
was after final purification gel fBlrated Into 100 mM HEPES pH 7.6, and 200 pJ 
samples of the top-fraction was Incubated at room temperature witti either 0. 1 
or 10 pi of activated GrB-H6 (approximately 0. 0.2 and 2 pg GrB-H6) both witti 
and wfthout 6 mM CaCb present Samples for SDS PAGE fipom tine 
incubations without CaCb were taken after 12. 19 and 24 hours as well as S 
days of Incubation. See Figures 2, 3 and 10. Samples for SDS PAGE from tiie 
incubations botti w»h and without CaCfe were taken after approximately 20 
and 48 hours of incubation, see figure 1 1 . 

\Mthout Ca^: 

The samples showed a distinct band pattern when H6-IEPD-TN123 was 
cleaved by Gr8-H5 with no Ca^* present, as seen In figures 2, 3 and 10. The 
H6-iEPD-TN123 was cleaved correcHy at ttie lEPD sequence, but also just as 
rapidly at an internal site of the sequence AQPD. The band pattern is 
explained in figure 12. That H8-IEPD.TN123 was cleaved at ttie correct 
lEPDi site can be seen from lane J In figure 2, where murine Ha-FX-TN123 
had been cleaved by FXa giving a product of the same size as the product 
fiom GrB-H6 Cleavage of He-IEPD-TN123 wItti no internal cleavage. l.e. ttie 
lowest band of the four bands in the pattern. 
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Whenlhe samirteswere reduced as in Janes B-D and L-N in figure 10 a 
different band pattern appears. This pattern Is also explained In Figure 12 and 
supports the noHon of the specific Internal cleavage site AQPD. 

ngure 1 1 shows lncul)attons of H6-IEPD-TN123 with GrB-HS. where 5 mM 
CaCb were added to some of the Incubations. Here only two bands appear 
when Ca** Is present (lanes E and G). while fbur bands appear when no Ca^ 
Is present, as described for Figures 2. 3. 10 and 12. This shows that by 
adding Ca'* to the Incubation the Internal cleavage site AQPD m Tetranectin 
(TN123) can be made Inaccessible to GrB-H6. This Is because the AQPD 
sequence Is located In a loop, where the Q and D residues parUclpates In the 
binding of Ca=^«4ons In TetranecHn. Thereby only the correct cleavage at the 
specific lEPD site m the fusion protein occurs, and the Internal deavage site 
In TN123 Is turned ofP by the addition of Ca^*. 

Cleavage of the H6-TriDUB variants 

Each of the fusion proteins eluted from the NP-NTA-agarose column were gel 
filtrated Into 100 mM HEPES pH 7.4 and fractions of approximately the same 
concentration of the five different H6-TripUB variants were used. The five 
variants were H6-lEPD-TripUB, H6-TripUB IQADiSP. H6-TripUB IQADiSG. 
H6-TrtpUB VGPDJ^P and H6-TripUB VGPDiFG. Of each fusion protein 200 
la Vkfas Incubated at room temperature with S jil of activated GrB-H6 
(approximately 1 jig GrB-H6). Samples for SDS PAGE were taken after 2. 6. 
24 and 48 hours of Incubation and gels are shown In Figures 13 and 14. 

In Figure 13 are shown the samples of H6-IEPD-TrlpUB, H6-TrlpUB 
IQADiSP and HB-TripUB IQAD4SG. After 48 hours mcUbatkm approximately 
2« of the original amount of non^aved HS-IEPD-TripUB had been correctly 
cleaved. In comparison the cleavage of the sequence IQADiSP. though, was 
much slowerttian cleavage of the lEPDiSP sequence m H6-IEPD.TripUB. 
No product is visible after 2 hours incubation and only a small amount had 
been cleaved after 48 hours Incubation. From the H8-TripUB IQADiSG 
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samples It Is evidetil that the cleavage was much fester than for both HG- 
lEPD-TripUB and He-TrtpUB IQADiSP. Already after 2 hours Incubation the 
majority of the fusion protein had been cleaved to give the correct product 
The single mutaBon of Pio (P) to Gly (G) In the P'a site In the recognition 
sequence vws enough fbr tWs dramatic change In the doavage rale. 

In figure 14 are shown the samples from the H6-TrlpUB VGPDiSP and H8- 
TiipUB VGPDAF6 Incubations. The cleavage of the VGPDiSP sequence was 
almost as fast as for HB-IEPD-TripUB in figure 13. A small amount of product 
hadfbrmed after 2 hours and approximately half the amount of fusion protein 
had been cleaved after 48 hours. A dramatic change in reaction rale oocured 
when the P'l and P'2 sites were changed from SP to FG In H6-TripUB 
VGPDiSP. After only 2 hours incubation all the fusion protein had been 
correctly cleaved. 

Comparing this to the lesutts flom the H6-IEPD-RAP Incubations. In which the 
P, site Is a Tyr. it seems that the cleavage by GrB-HS is much faster when 
the F, sfte Is a teige aromatic residue and/or the Pa site is a Gly. In addition 
to these obsenffltions it is also Important to note that even alter 48 hours 
Incubation virtth GrB.H6 no Internal cleavage took place m any of the H6- 

TripUB variants, showing that GrB-H8 cleaves very specifically at the 
engineered recognition Sites, even though the TripUB sequence contains 7 
other Asp (D) residues. 

Setf-activatino hu ""«« Granzvme B 

Recombinant self-activating human Granzyme B derivatives IEPD-GrB-H8 
and lEAD-GrB+ie were produced as described for GrB-Hd In Example 3 by 
using the expression vectors described in Example 2. 

The iEAD-GrB-H6 and iEPI>GrB-H6 proteins eluted from the SP Sepharose 
columns were stored at 4-C for 2 days before the activity of the respective 
topfracBons were detennined by using a cotorimetric assay. For tWs purpose 
the following was mbced: 500 pi buffer (100 mM HEPES pH 7.S). 2 pi 100 mM 
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AotEPD-pNA, and 5 pi protein solution. The change In absorption was then 
detemilned at 405 nm during 3 min. The activity was further detennlned atter 
additional incubation for 1 and 2 days at 4^0* The following data shown In 
Table 9 was obtained. 



Table 9: 



Protein 






lEAOGrB-H6 


2 days 


0.1372 


iEPD-GrB-H6 


2 days 


0.1284 


IEAS>6rB-H6 


3 days 


0.1607 


IEPI>GrB-H6 


3 days 


0.1375 


IEAD-GrB-H6 


4 days 


0.1983 


IEPI>^rB-H6 


4 days 


0.1351 



This means that the self-activating derivatives lEPD-GrB-HO and lEAD-GrB- 
H9 w^eie activated wllhout addition of any previously activated GrB and the 
activaflon was not finished imBI after a least three or four days at 4"C. 
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Claims 

1 . A method for flie preparation aS a polypeptide of Interest In authentic fonm, 
said m^rad compii^ng ttie steps of: 

0) providing a fusion protein comprising a polypeptide of Interest and a fusion 
partner wherein the junction region between said polypeptide of interest and 
said fusion partner comprises a Granzyme B protease recognition site which \ 
comprises a Granzyme B protease cleavage site adjacent to the protein of j 
interest, and I 

I 

(il) contacting said fusion protein virtth Granzyme B protease (EC 3.4.21 .70) to j 
cleave it at said cleavage stte to yield saw polypeptide of Interest In authentic i 

form. I 

* 

I 

2. A method according to claim 1 , wherein the Granzyme B protease \ 
recognition site has an amino add sequence of ttie general fonnula: 

P4 P3 P2 Pli j 
wherebi *, 

P4 Is amino add I or V 

P3 is amino add E, Q or Wl 

P2 is X, where X denotes any amino acid, 

PI is amino acid D. and : 
i is the cleavage site for said Gran^me B protease. 

i 
\ 

3. A method acoording to dalm 1 . wherein tt^e Grenzyme B protease j 
recognition site has an ammo acid sequence selected from «ie group 

consisting of ICPD4.. lEADi. IEPD4, lETDi. \QADl, ISADi. ISSDi. ITPDJ^. 
VAPDA. VATDi, VCTDi. VDPDi. VDSDJ-. VEKD4.. VEQDi, VGPDi, 
VRPDi, VTPDl, LEEDi. LEIDi. LGNDi. LGPD4r, AQPDi, DEVDi. and 
viAiereIn i Is tiie deavage site for said Grange B protease. 
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4. A melhod acooitling to dalm 2, wherein the general fonmula furthemtore 
comprises the amino aclda PI* and PZ resulting In the general formula 

P4 P3 P2 PlAPI'Pa'. wherein PI' Is X where X denotes any amino add. P2' 
Is G, and wherein PI' and Pa* la a part of the protein of Interest 

5. A method according to claim 2, wherein the general fbnnula lurthennore 
comprises the amino acids PI*. P2'. P3' and P4' resulting In the general 
fonnula P4 P3 P2 PUPrP2*P3'P4', wherein P4' Is D or E. and wherein PI', 
P2', P3' and P4' is a part of the protein of interest. 

6. A method according to dalm 1 . wherein the protein of Interest Is selected 
from the group consisting of an enzyme and a polypeptide honmone. 

7. A method according to dalm 6, wherein the polypeptide honnnone Is 
selected ftom the group conslsiling of somaiotrophln. glucagon, InsuHn and 
inteferon. 

8. A method according to dalm 6. wherein the enzyme is Gran^me B. 

9. A meOiod according to daim 1 . wherein the fusion partner is an affinity-lag. 

10. A method according to claim 9, wherein the affinity-tag Is selected from 
fhe group consisHng of a polyhlafidine-tag. a polyaiglnine-tag. a Fl^G-tag. a 
Strep-tag. a c-myc-tag. a S-tag. a calmoduHn-blnding p^itide, a cellulose- 
binding peptide, a chltln-blnding domain, a glutathione S-transferaso-tag, and 
a maltose binding fMOt^n. 

1 1 . A method accoidlng to dalm 1 , wherein the Granzyme B protease Is 
selected from the group consisting of human Granzyme B protease, mouse 
Granzyme B protease and rat Granzyme B protease. 

12. A method aooordlr^ to dalm 1 , wherein the Granzyme B protease Is In an 
immobilised form. 
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1 3. A method according to dalm 1 2, wherein the Granzyme B protease Is | 
Immobilised via the C-tenninus. 

14. A method according to claim 12. wherein the Granzyme B protease is 
bnmobilised via a lysine amino add re^ue. 

15. A method according to claim 10. wherein the tag Is a polyhistidlne-tag. 
and wherein the fusion protein is contacted with Granzyme B protease In the 
presence of Nl** Ions and Nitrilotrlacetic Add (NTA). 

16. A method according to dalm 15, wherein the ooncentraBon of Nl** Is In the 
range of 1-20 mM. and the concentration of NTA Is In the range of 1-20 mM. 

17. A ftjslon protein comprising a polypeptide of Interest and a fusion partner. 
Wherein the junction region between said polypeptide of interest and said 

• fusion partner comprises a Granzyme B protease recognition site, which 
comprises a Granzyme B protease cleavage site adjacent to the protein of 
interest 

18. A fusion protein according to claim 17. wherein the Granzyme B protease 
recognition site has an amino add sequence of the general fonmida: 

P4P3P2Pli 
wherein 

P4 Is amino add 1 or V 
P3 Is amino add E. Q or M 
P2 Is X, where X denotes any amino add, 

PI Is amino add D, and 

4 Is the cleavage sHe for said Granzyme B protease. 

19. A fusion protein according to claim 17, wherein the Granzyme B protease 
reoognMon site has an amino add sequence selected from the group 
consisting of ICPDi; lEADi, lEPDi, lETDi. IQADi. ISADi. ISSDi, iTPDi, 
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VAPDi. VATDi. VCnrD4.. VDPDi. VDSDl, VEKDi. VEQD4. VGPDi. 
VRPDi. VTPDi. LEEDi. LEIDi, L6ND4, LGPDi, AQPDi, DEVDi. and 
wherein i is the deavage site for said Orange B protease. 

20. A fusion protein according to claim 18, wherein the general fonnula 
lurthennore comprises the amino acids PI* and P2' resulting In the general 
formula P4 P3 P2 P1iP1'P2*, wherein PV Is X where X denotes any amino 
acid. P2' is G. and wherein P1 ' and P2' is a part of the polypeptide of Interest. 

21 . A fusion protein according to claim 1 8, wherein the general fonnula 
furthennore comprises the amino adds PV. P2'. P3' and P4' resulting in the 
general formula P4 P3 P2 PUPrP2'P3 P4\ wherein P4* is D or E, and 
wherein PI', P2'. i=»3' and P4' Is a part of the protein of interest. 

22. A fusion protein according to dalm 17, wherein the polypeptide of Interest 
is selected from the group oonsisUr^ of an enzyme and a polyp^ide 
hormone. 

23. A fusion protein accorcfing to clabn 22, wherein the polypepQde homione 
Is selected from the group consisting of somatotrophln. glucagon. Insulin and 
intefsron. 

24. A fusion protein according to dalm 22, wherein the enryme is Granryme 
B. 

25. A fusion protein according to dalm 17, wherein the ftision partner Is an 
affinity-teg. 

26. A fusion protein according to claim 25, wherein the affinity-teg is sekscled 
fh>m the group consisting of a polyhistldlne-tag, a poiyarginine-teg, a FI.AG- 
tag, a Strep-teg, a o^nyo-teg, a S4ag. a calmodulin-binding peptide, a 
ceilulose-t»nding peptide, a chitln-blnding domain, a glutathione S- 
transferase-tag, and a maltose binding protein. 
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27. An isolated nudete acW sequence encoding theftiaton protein accoidlng 
to any of claims 1 8-26. 

28. A recombinant vector comprtslng the Isolated nucleic acid sequence 
acoonling to claim 27. 

29. A host cell Iransfonned with a vector according to claim 28. 

30. A method for the production of a fusion protein according to daim 17 
comprising the steps of: 

(i) providing a recombinant vector comprising the isoialed nucleic acid 

sequence accoidlng to daim 27 operath/ely linked to a promotor. 

(II) transfonning a host cell with said recombinant vector. 

(Hi) culturtng said host cell under conditions to express said fusion protein, 

(iv) optionally isolating said fusion protein. 
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Abstract 

There Is provided a method for Ihe preparation of a polypeptide of interest in 
authentic form by enzymatic cleavage of fusion proteins using Granzyme B 
protease (EC 3.4^1 .79). There is also pro\nded fusion proteins comprising a 
polypeptide of interest and a fusion partner, wherein the iunctlon region 
between the polypeptide of interest and the fusion partner comprises a 
firanzyme B protease cleavage site adjacent to the protein of Interest 
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Figure 1 




Hours 



52 



1/15 



23/04 2003 WED 14:58 FAX ■«-4S SB20 9232 Boreanpliarna A/S 



Bl 056/032 



Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 
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FIfliire 1 1 
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Figure 12 
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Figure 13 
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Figure 14 
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SEQUENCE LISTING 

<110> Borean Pharma A/S 

<120> Cleavage of fusion proteins using cranzyme B protease 
<130> S106 
<160> 33 

<170> Patentxn version 3.1 

<210> 1 

<211> 46 

<212> DNA 

<213> Artificial 

<220> 

-<223> H6 c-term fw 

<40Q> 1 AA 
catggacgga agcttgaatt cacatcacca tcaccatcac taacgc 

<210> 2 

<211> 46 

<212> DNA 

<213> Artificial 

<220> 

<223> H6 C-term rev 

<400> 2 Aa 
a.attgcgtta gtgatggtga tggtgatgtg aattcaagct tccgct w 

<210> 3 

<211> 40 

<212> DNA 

<213> Artificial 

<220> 

<223> GrBf^tf primer 

<400> 3 AO 
catgggatcc atcgagggta ggatcatcgg gggacatgag 

<210> 4 

<211> 38 

<212> DMA 

<213> Artificial 

<220> 

<223> Grerev Ecofti primer 

<400> 4 90 
gcgtgaattc aggtaccgtt tcatggttiit ctttatcc 

<210> S 

<211> 715 

<212> DNA 

<213> Artificial 

<220> 

<223> GrB EcoRX fragment 
<400> 5 



67 



23/04 2005 WED 15:19 FAX +45 6020 5232 Boreanpliarma A/S 



Si 071/082 



600 
660 



catgggatcc atcgagggta ggatcatcgg gggacatgag gccaagcccc actcccgccc 60 

ctacatggcr tatcttatga tctgggatca gaagtctctg aagaggtgcg gtggcttcct 120 

gatacaagac gacttcgtgc tgacagctgc tcactgttgg ggaagctcca taaatgtcac 180 

cttgggggcc cacaatatca aagaacagga gccgacccag cagtttatcc ctgtgaaaag 240 

acccatcccc catccagcct ataatcctaa gaacttctcc aacgacatca tgctactgca 300 

gctggagaga aaggccaagc ggaccagagc tgtgcagccc ctcaggctac ctagcaacaa 360 

ggcccaggtg aagccagggc agacatgcag tgtggccggc tgggggcaga cggcccccct 420 

gggaaaacac tcacacacac tacaagaggt gaagatgaca gtgcaggaag atcgaaagtg 480 

cgaatctgac ttacgccatt attacgacag taccartgag ttgtgcgtgg gggacccaga 540 
gattaaaaag acttccttta agggggactc tggaggccct cttgtgtgta acaaggtggc 
ccagggcatt gtctcctatg gacgaaacaa tggcatgcct ccacgagcct gcaccaaagt 

ctcaagcttt gtacactgga taaagaaaac catgaaacgg tacctgaart cacgc 715 

<210^ 6 

<211> 30 

<212> DNA_. . ^ 

<213> Artificial 

<220> , ^ ^ 

<223> GPBrev Hindiil primer 

<400> 6 30 
ggcgaagctt agtagcgttt catggttttc 

<210> 7 

<211> 714 

<212> ONA.^_ ^ 

<213> Artificial 

<223> GrB HindllZ fragment 

catggoatcc atcgagggta ggatcatcgg gggacatgag gccaagcccc actcccgccc 60 

ctacatggct tatcttatga tctgggatca gaagtctctg aagaggtgcg gtggcttcct 120 

gatacaagac gacttcgtgc tgacagctgc tcactgttgg ggaagctcca taaatgtcac 180 

cttgggggcc cacaatatca aagaacagga gccgacccag cagtttatcc ctgtgaaaag 

acccatcccc catccagcct ataatcctaa gaacttctcc aacgacatca tgctactgca 

gctggagaga aaggccaagc ggaccagagc tgtgcagccc ctcaggctac ctagcaacaa 360 

ggcccaggtg aagccagggc agacatgcag tgtggccggc tgggggcaga cggcccccct 420 

gggaaaacac tcacacacac tacaagaggt gaagatgaca gtgcaggaag atcgaaagtg 480 

cgaatctgac ttacgccatt attacgacag taccattgag ttgtgcgtgg gggacccaga 540 

gattaaaaag acttccttta agggggactc tggaggccct cttgtgtgta acaaggtggc 600 

ccagggcatt gtctcctatg gacgaaacaa tggcatgcct ccacgagcct gcaccaaagt 660 

ctcaagcttt gtacactgga taaagaaaac catgaaacgc tactaagctt cgcc 714 

2 



240 
300 
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<210> 8 

<213> 33 

<212> DNA.^. . ^ 

<213> Artificial 

<220> 

<223> GrB GR-PD fw 

<400> 8 a* 
tccatcgagc cggatatcat cgggggacat gag 

<210> 9 

<211> 34 

<212> DMA 

<213> Artificial 

<220> 

<223> GrB GR-PD rev 

<400> 9 a- 
ccccgatgat atccggctcg atggatccca tatg 

<210> 10 

<211> 33 

<212> DMA 

<213> Artificial 

<220> 

<223> Gr8 GR-AD fw 

<400> 10 a- 
tccatcgagg ctgatatcat cgggggacat gag 

<210> 11 

<211> 34 

<212> DMA 

<213> Artificial 

<22Q> 

<223> GrB GR-AD rev 

<400> 11 _^ 
ccccgatgat atcagcctcg atggatccca tatg 

<210> 12 

<2ia> 37 

<212> DNA 

<213> Artificial 

<220> 

<223> TripUB GrB fw primer 

<400> 12 „ 
gtggatccat cgagcctgac tctcctggta ccgagcc 3^ 

<210> 13 

<211> 38 

<212> DHA 

<213> Artificial 

<220> 

<223> TripuB GrB rev primer 



69 



23/04 2003 WED 15:20 FAX -i-AB 8620 3232 Boreanpliarnu A/S 



1^073/082 



<400> 13 

ggtaccagga gagtcaggct cgatggatcc actaccac 

<210> 14 

<211> 34 

<212> DNA 

<c213> Artificial 

<220> 

<223> RAP GrB fw primer 
<400> 14 

cggatccatc gagcctgact actcgcggga gaag 34 

<210> 15 

<213> 34 

<212> ONA 

<213> Artificial 

<220> 

<223> RAP GrB rev primer 
<400> 15 

cccgcgagta gtcaggctcg atggatccgt gatg ^4 

<210> 16 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> TN GrB fw primer 
<400> 16 

ggatccatcg agcctgacgg cgagccacca acc 

<210> 17 

<211> 33 

<212> DNA 

<213> Artificial 

<220> 

<223> TN GrB rev primer 

<400> 17 „ 
ggctcgccgt caggctcgat ggatccgtga tgg 

<210> 18 

<211> 33 

<212> DNA 

<213> Artificial 

<22Q> _ ^ ^ 
<223> PCTTripUB GR-AO 

<400> 18 

ggatccatcc aggcagactc tcctggtacc gag 

<210> 19 

<211> 34 

<212> ONA 

<213> Artificial 
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<220> 

<223> PCTTripUB GR-AD rev 
<400> 19 

gtaccaggag agtctgcctg gatggatcca ctac 

<210> 20 

<211> 37 

<212> DNA 

<213> Artificial 

<220> 

<223> PC7Tr1pUB P-G fw 

<400> 20 „ 
ggatccatcc aggcagactc tggtggtacc gagccac 

<210> 21 

<211> 38 

<212> DNA 

<213> Artificial 

<220> 

<223> PCTTripUB P-G rev 

<400> 21 ,-1 
ctcggtacca ccagagtctg cctggatgga tccactac 

<210> 22 

<2U> 34 

<212> DNA 

<213> Artificial 

<220> 

<223> DNATrip XE-VG fw 
<40Q> 22 

gtagtggatc agtcgggcct gactctcctg gtac 

<210> 23 

<211> 34 

<212> DNA 

^13> Artificial 

<220> 

<223> DNATrip lE^'VG rev 
<400> 23 

gagagtcagg cccgactgat ccactaccac tacc 34 

<210> 24 

<2H> 31 

<212> DNA . , 

<213> Artificial 

<220> 

<223> DNATrip SP-FG fw 

<400> 24 „ 
ggccrgacrc tggtggtacc gagccaccaa c 31 

<210> 25 
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<211> 31 

<212> ONA 

<213> Artificial 

<220> 

<223> ONATrip SP-F6 rev 

<400> 25 

ggctcggtac caccaaagtc aggcccgact g 



<210> 26 

<211> 243 

<212> PRT 

<213> Artificial 

<22Q> 

<223> GrB-H6 



<400> 26 

Met Gly ser He Glu Gly Arg lie lie Gly Gly His Glu Ala Lys pro 
1 5 10 15 

His ser Arg Pro tyr Met Ala Tyr Leu Met lie Trp Asp Gin Lys ser 
^ 20 25 30 

Leu Lys Arg cys Gly Gly Phe Leu lie Gin Asp Asp Phe Val Leu Thr 
35 40 45 

Ala Ala His cys Trp Gly ser ser xle Asn Va1 Thr Leu Gly Ala His 
50 55 60 

Asn lie Lys Glu Gin Glu Pro Thr Gin Gin Phe lie Pro val Lys Arg 
65 70 75 80 

pro lie pro His pro Ala lyr Asn Pro lvs Asn Phe ser Asn Asp xle 
85 90 95 

Met Leu Leu Gin Leu Glu Arg Lys Ala Lys Arg Thr Arg Ala val Gin 
100 105 110 

Pro Leu Arg Lcu Pro ser Asn Lys Ala Gin val Lys Pro Gly Gin Thr 
115 120 125 

cys Ser val Ala Gly Trp Gly Gin Thr Ala pro Leu Gly Lys His ser 
130 135 140 

His Thr Leu Gin Glu val Lys Met Thr val Gin Glu Asp Arg Lys cys 
145 ISO 155 160 

Glu ser Asp Leu Arg His Tyr Tyr Asp ser Thr xle Glu Leu cys Val 
•^ 165 170 175 

Gly Asp Pro Glu lie Lys Lys Thr ser Phe Lys Gly Asp ser Gly Gly 
180 185 190 

6 
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pro Leu val Cys Asn Lys val Ala Gin 6ly lie val ser Tyr Gly Arg 

Asn Asn Gly Met Pro Pro Arg Ala cys Thr Lys val ser ser Phe val 
210 215 220 

His Trp lie Lys Lys Thr Met Lys Arg Tyr lcu Asn ser His His His 
225 230 23S 240 

His His His 



<210> 27 

<211> 150 

<212> PRT^^ ^ , 

<213> Artificial 

<220> 

<223> H6-IEP0-Tri pUB 
<400> 27 

Met Gly ser His His His His His His Gly ser Gly ser Gly S|r He 

61 u Pro ASP ser Pro Gly Thr Glu Pro Pro Thr Gin Lys Pro Lys Lys 

He val Asn Ala Lys Lys Asp val val Asn Thr Lys Met Phe Glu Glu 
3S 40 45 

Leu Lys ser Arg Leu Asp Thr Leu Ala Gin Glu val Ala Leu Leu Lys 
50 55 60 

Glu Gin Gin Ala Leu Gin Thr Val Gly Ser Gin He Phe Val Lys Thr 
65 70 75 80 

Leu Thr Gly Lys Thr He Thr Leu Glu yal Glu pro ser Asp Thr xle 
85 °" 

Glu Asn val Lys Ala Lys He Gin asp Lys Glu Gly lie Pro pro Asp 
iOO 105 110 

Gin Gin Arg Leu He Phe Ala Glj Lys 6ln Leu Glu ^ Gly Arg Thr 

Leu ser Asp Tyr Asn lie Gin Lys Glu ser Thr Leu His Leu val Leu 
130 135 140 

Arg Leu Arg Gly Gly ser 
145 150 

<210> 2S 
<211> 338 
<212> PKT 
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<21i> Artificial 

<223> H6-IEPD-RAP 
<400> 28 

Met ely ser His His His His His His Gly Ser He dlu Pro Asp Tyr 
1 5 

ser Arg Glu Lys Asn Gin Pro tys Pro ser Pro Lys Arg |lo ser Gly j 

20 " j 

6lu Glu Phe Arg Met Glu Lys Leu Asn 6ln Leu Trp Glu Lys Ala Gin 
35 40 *•» 

Arg Leu His Leu Pro Pro val Arg Leu Ala Glu Leu His Ala Asp Leu 
50 55 °" 

Lys lie Gin Glu Arg Glu Leu Ala Trp Lys Lys Leu Lys Leu top 
65 70 75 

Gly Leu ASP Glu A|p Gly Glu Lys Glu Ma Arg Leu He Arg A|n Leu 
Asn val lie Leu Ala Lys Tyr Gly Leu asp Gly Lys Lys Ala Arg 

Gin val Thr ser Asn ser Leu ser Gly Thr Gin Glu ^| Gly Leu Asp 

il5 120 

Asp Pro Arg Leu Glu Lys Leu Trp His Lys Ala lvs Thr. ser Gly Lys 
130 1*5 

Phe ser Gly Glu Glu Leu Asp Lys Leu Trp Arg Glu Phe Leu Mis His 
145 150 

Lys Glu Lys val His Glu Tyr Asn val Leu Leu Glu Thr Leu Ser Arg 
-rtr Glu Glu xle His Glu Asn val g| ser Pro ser Asp Leu Ser Asp 

He Lys ser val Leu His |er Arg His Thr Glu Leu Lys Glu Lys 

Leu Arg ser He Asn Gin 6l| Leu Asp Arg Leu Arg Arg val ser His 

Gin Gly Tyr ser Thr Glu Ala Glu Phe clu Glu pro Arg val He Asg 

225 230 

Leu Trp ASP Leu Ala Gin Ser Ala Asn Leu Thr Asp Lys Glu L|u Glu 

245 

8 
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Ala Phe Arg 6lu Glu Leu Lys His Phe Glu Ala Lys He Glu Lys His 
2G0 265 270 

Asn His Tyr Gin Lys Gin Leu Glu He Ala His Glu Lys ueu Arg His 
275 280 285 

Ala Glu Ser val Gly Asp Gly Glu Arg val Ser Arg Ser Arg Glu Lys 
290 295 300 

His Ala Leu Leu Glu Gly Arg Ttir Lys Glu Leu Qly Tyr Thr val Lvs 
305 310 315 320 

Lys His Leu Gin Asp Leu ser Gly Arg lie ser Arg Ala Arg His Asn 
325 330 335 

Glu Leu 



<210> 29 

<211> 197 

<212> PRT 

<213> Artificial 

<220> 

<223> H6-XEPD-TN123 
<400> 29 

Met Gly ser His His His His His His Gly ser He Glu Pro Asp Gly 
1 5 10 " 

Glu Pro pro Thr Gin Lys Pro Lys Lys He Val Asn Ala Lys Lys Asp 
20 25 30 

val val Asn Thr Lys wet Phe Glu Glu Leu Lys ser Arg Leu Asp Thr 
35 40 . 45 

Leu Ala Gin Glu val Ala Leu Leu Lys Glu Gin Gin Ala Leu Gin Thr 
50 55 €0 

val Cys L€U Lys Gly Thr Lys val His Met Lys cys rtie Leu Ala Phe 
65 70 75 80 

Thr Gin Thr Lys Thr Phe His Glu Ala |er Glu Asp Cys He |er Arg 

Gly Gly Thr Leu ser Thr Pro Gin Thr Gly ser Glu Asn Asp Ala Leu 
' ^ 100 105 110 

Tvr Glu Tyr Leu Arg Gin ser val Gly Asn Glu Ala Glu He Trp Leu 
' lis 120 125 

Gly Leu Asn Asp wet Ala Ala Glu Gly Thr Trp val Asp Met Thr Gly 

9 
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130 135 140 

Ala Arg lie Ala Tyr Lys Asn Trp 6lu Thr Glu lie Thr Ala Gin pro 
145 150 155 160 

ASP Gly Gly Lys Thr Glu Asn cys Ala val Leu ser Gly Ala Ala Asn 
165 170 175 

Gly Lys Trp Phe Asp Lys Arg Cys Arg Asp Gin Leu Pro Tyr lie cys 
180 185 190 

Gin Phe Gly lie Val 
195 

<210> 30 

<211> 150 

<212> PRT 

<213> Artificial 

<220> 

<223> H6-TripUB IQADISP 
<400> 30 

Met Gly Ser His His His His His His Gly ser Gly ser Gly ser He 
15 10 15 

Gin Ala Asp ser Pro Gly Thr Glu Pro pro Thr Gin Lys Pro Lys Lys 
20 25 30 

lie val Asn Ala Lys Lys Asp val Val Asn Thr Lys Met Phe Glu Glu 
35 40 45 

Leu Lys ser Arg Leu Asp Thr Leu Ala Gin Glu val Ala Leu Leu Lys 
50 55 60 

Glu Gin Gin Ala Leu Gin Thr val Gly Ser Gin lie Phe val Lys Thr 
65 70 75 80 

Leu Thr Gly Lys Thr He Thr Leu Glu val Glu Pro ser Asp Thr lie 

Glu Asn val Lys Ala Lys lie Gin Asp Lys Glu Gly He Pro Pro Asp 
100 105 110 

Gin Gin Ar| Leu lie Phe Ala Gl^ Lys Gin Leu Glu as^ Gly Arg Thr 

Leu ser Asp Tyr Asn He Gin Lys Glu Ser Thr Leu His Leu val Leu 
130 135 140 

Arg Leu Arg Gly Gly ser 
145 150 

10 
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<210> 31 

<211> 150 

<212> PRT ^. ^ , 

<213> Artificial 

<220> 

<223> H6-Tr1pUB IQADISG 
<400> 31 

Met Gly Ser His His His His His His Gly Ser Gly Ser Gly ser He 
1 5 10 

Girt Ala ASP ser Gly Gly Thr Glu Pro pro Thr Gin Lys Pro Uys Lys 
20 25 30 

lie Val Asn Ala Lys Lys Asp Val val Asn Thr Lys Met Phe Glu Glu 
35 40 45 

Leu Lys ser Arg Leu Asp Thr Leu Ala Gin Glu val Ala Leu Leu Lys 
50 55 60 

Glii Gin Gin Ala Leu Gin Thr val Gly Ser Gin He Phe val Lys Thr 
65 70 75 oO 

Leu Thr Gly Lys Thr He Thr Leu Glu val Glu Pro Ser Asp Thr lie 
85 90 95 

Glu Asn val L^ Ala Lys He Gin AS| Lys Glu Gly He pro Pro Asp 

Gin Gin Arg Leu lie Phe Ala Gly Lys Gin Leu Glu Asp Gly Arg Thr 
115 120 125 

Leu ser Asp Tyr Asn lie Gin Lys Glu ser Thr Leu His Leu val Leu 
130 135 Iw 

Arg Leu Arg Gly Gly ser 
145 150 

<210> 32 

<2ia> 150 

<212> PRT ^ ^ ^ 

<213> Artificial 

<220> 

<223> H6-TnpUB VGPDISP 
<400> 32 

Met Gly ser His His His His His His Gly ser Gly ser Gly ser val 
1 5 10 " 

Gly Pro ASP ser Pro Gly Thr Glu pro Pro Thr Gin Lys Pro Lys Lys 
20 25 30 

He val Asn Ala Lys Lys Asp val val Asn Thr Lys Met Phe Glu Glu 

11 
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35 40 45 

Leu Lys ser Arg Leu Asp Thr Leu Ala Gln Glu val Ala Leu Leu Lys 
50 55 60 

Glu Gin Gin Ala Leu Gin Thr val Gly ser Gin He Phe val Lys Thr 
65 70 75 80 

Leu Thr Gly Lys Thr lie Thr Leu Glu val Glu Pro ser Asp Thr He 
85 90 95 

Glu Asn val Lgs Ala Lys He Gin As| Lys Glu Gly He Pro pro Asp 

Gin Gin Aro Leu lie Phe Ala Gly Lys Gin Leu Glu Asp Gly Arg Thr 
lis 120 125 



0 Leu Ser Asp tyr Asn zle Gin Lys Giu ser xhr Leu His Leu val Leu 
130 135 140 

Arg Leu Arg Gly Gly ser 
145 ISO 

<210> 33 

<211> 150 

<212> PRT 

<213> Artificial 

<220> 

<223> H6-THpUB VGPDlFG 
<400> 33 

Met Gly ser Mis His His His His His Gly ser Gly ser Gly ser val 
^ 5 lO 

Gly pro Asp Phe Gly Gly Thr Glu pro Pro Thr Gin Lys Pro Lys Lys 
20 25 w 

He val Asn Ala Lys Lys Asp val val Asn Thr Lys Met Phe Glu Glu 
35 40 45 

Leu Lys ser Arg Leu Asp Thr Leu Ala Gin Glu val Ala Leu Leu Lys 
50 55 oO 

Glu Gin Gin Ala Leu Gin Thr val Gly Ser Gin He phe val Lys Thr 
65 70 75 

Lcu Thr Gly Lys Thr He Thr Leu Glu val Glu Pro ser Asp Thr He 
85 W 95 

Glu Asn val L^s Ala Lys He Gin As^ Lys Glu Gly He Pro Pro Asp 

12 
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Gin Gin Arg Leu lie Phe Ala Gly Lys Gin teu Glu Asp Gly Arg Thr 
115 120 125 

Leu ser Asp Tyr Asn lie Gin Lys Glu ser Thr Leu His Leu val Leu 
130 13S 140 

Arg Leu Arg Gly Gly ser 
145 150 



13 
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